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FOREWORD

The Nuclear Wast:. Policy Act of 1982 (the Act) established a process for
the selection of sites for the disposal of spent nuclear f:el and high-level
radioactive waste in geologic repositories. The first ste » in this process
were the identification of potentially acceptable sites anc the development of
general guidelines for siting repositories. In February 1423, the DOE
identified nine sites i six States as potentially acceptulie for the first
repository. The Yucca Mountain site in Nye County, Nevada, was identified as
one of those sites. The general guidelines were issued in November 1984 as
Title 10 of the Code of Federal Regulations, Part 960. The DOE is now
proceeding with the next step in the site-selection process for the first
repository: the nomination of at least five of the nine potentially
acceptable sites as suitable for site characterization, which is a program of
detailed studies.

The Act requires that site nomination be accompanied by an environmental
assessment (EA). The DOE has prepared EAs for the nominated sites through a
process that provided opportunity for public input. Public hearings were held
during March, April, and May 1983 to obtain recommendations ou the issues to
be addressed in an EA. All such recommendations were ccnsidered in preparing
the EAs. The DOE issued draft EAs for public review and comment in December
1984 and conducted a series of public hearings in February and March 1985.

The issues raised in the comment letters and hearings were considered in
preparing the final EAs. These issues are addressed in a comment-response
document appended to the final EAs (Appendix C).

The information presented in the EAs is derived from hundreds of
technical reports containing more-detailed data and analyses. All of these
reference documents are available to the public in various libraries and
reading rooms; a listing of their locations is given in Appendix B.

After the nomination, the Secretary is required by the Act to recommend
to the President not fewer than three of the nominated sites for
characterization as candidate sites for the first repository. This
recommendation will be submitted and documented in a separate report that is
being issued separately from this environmental assessment. After submittal,
the Act provides the President 60 days to approve or disapprove the candidate
sites. The President may delay his decision for up to six months if he
determines that the information supplied with the recommendation of the
Secretary is insufficient to permit a decision within the 60-day period. If
the President does not approve, disapprove, or delay the decisien, the
candidate sites shall be considered approved. After the President approves
the candidate sites, the DOE will start site characterization.
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ABSTRACT

In February 1985, the U.S. Department of Energy (DOl identified the
Yucca Mountain site ‘n Nevada as one of nine potentially acceptable sites fur
a mined geologic repository for spent nuclear fuel and h-zh-level radioactive
waste. The site is in the Great Basin, which is one of five distinct
geohydrologic settings considered for the first reposit :ry., To determine
their suitability, the Yucca Mountain site and the eighi >ther potentially
acceptable sites have Yeen evaluated in accordance with t e DOE's General
Guidelines for t!e Recommendation of Sites for the Nuclear Waste
Repositories. These evaluations were reported in draft environmental
assessments {EAs), which were issued for public review and comment. After
considering the comments received on the draft FAs, the DOE prepared the final
EAs.

On the basis of the evaluations reported in this EA, the DOE has found
that the Yucca Mountain site is not disqualified under the guidelines. The
DOE has also found that it is suitable for site characterization because the
evidence does not support a conclusion that the site will not be able to meet
each of the qualifying conditions specified in the guidelines. On the basis
of these findings, the DOE is nominating the Yucca Mountain site as one of
five sites suitable for characterization,
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EXECUTIVE SUMMARY

1. INTRODUCTION

By the end of this century, the United States plar- to begin operating
the first geologic repository for the permanent disposa: of commercial spent
nuclear fuel and high-level radiocactive waste, Public law 97-425, the Nuclear
llaste Policy Act of 1982 (the Act), specifies the proccrs for selecting a
repository site, and constructing, operating, closing, a.-d decommissioning the
repository. Congress approved geologic disposal by declaring that one of the
key purposes of the Act is '"to establish a schedule for the siting,
construction, and operation of repositories that will provide reasonable
assurance that the public and the environment will be adequately protected
from the hazards posed by high-~level radioactive waste and such spent nuclear
fuel as may be disposed of in a repository' [Section 111¢(b)(1)].

A geologic repository can be viewed as a large underground mine with a
complex of tunnels occupying roughly 2,000 acres at a depth between 1,000 and
4,000 feet. To handle the waste received for disposal, surface facilities
will be developed which will occupy about 400 acres. The repository will be
operational for about 23 to 30 years. After the repository is closed and
sealed, waste isolation will be achieved by a system of multiple barriers,
both natural and engineered, that will act together to contain and isolate the
waste as required by regulations. The natural barriers include the geologic,
hydrologic, and geochemical environment of the site. The engineered barriers
consist of the waste package and the underground facility. The waste package
includes the waste form, the waste disposal container, and materials placed
over and around the containers. The underground facility consists of
underground openings and backfill materials, not associated with the waste
package, that are used to further limit ground-water circulation around the
waste packages and to impede" the subsequent transport of radionuclides into
the environment.

In February 1983, the DOE carried out the first requirement of the Act by
formally identifying nine sites in the following locations as potentially
‘acceptable sites for the first repository (the host rock of each site is noted
in parentheses):

Vacherie dome, Louisiana (domal salt)

Cypress Creek dome, Mississippi. (domal salt)

Richton dome, Mississippi (domal salt)

Yucca Mountain, Nevada (welded tuff)

Deaf Smith County, Texas (bedded salt)

Swisher County, Texas (bedded salt)

Davis Canyon, Utah (bedded salt)

Lavender Canyon, Utah (bedded salt)

Reference repository location) Hanford Site, Washington (basalt
flows). :

WO NNOIWUL W=

The locations of these sites are shown in Figure 1.
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Figure 1. Potentially acceptabie sites for the first repository.




After identifying these potentially acceptable sites, the DOE published
draft General Guideli:ies for the Recommendation of Sites for Nuclear Waste
Repositories (the gui-elines) in accordance with the Act. The draft
guidelines were revised in response to extensive comments and received the
concurrence of the Nus.lear Regulatory Commission (NRC) in June 1984. Final
guidelines were published in December 1984 as 10 CFR Part 960.

The Act requires the DOE to nominate at least five . .tes as suitable for
site characterization--a formal information-gathering pr.:ess that will
include the sinking of one or more shafts at the site a'd a series of
experiments and studies underground. The DOE must then r2commend not fewer
than three of those si.es for characterization as candide e sites for the
first repository. After site characterization is complet:d, one of the
characterized sites will be recommended for development as a repository.

The Act also requires the DOE to prepare environmental assessments (EAs)
to serve as the basis for site~-nomination decisions. Thsse EAs contain the
following information and evaluations consistent with the requirements of
Section 112 of the Act:

® A description of the decision process by which the‘site is being
congidered for nomination (EA chapters 1 and. 2).

R ERYEEN

¢ A description of the site and its: surroundings (EA. Chapter 3).

® An evaluation of the effects of site characterization act1v1t1es on
public health and safety and the environment:iand a discussion of
alternative activixies that may be taken:to .avoid. such effecbs
(EA Chapter &4).: ‘ - R BV

® An assessment -of the regional and local effecta of: locatxng the
proposed repository at the site (EA Chapter 5). S

¢  An evaluation as to.whether the site is suitable forn: site
characterlzatlon (EA: Chapter 6). « PR

® An eva]uation as to whether the site is su1tab1e for development as a
repository (EA Chapter 6)‘ : , G

® A reasonable comparatlve evaluatlon of the site w1th other sites thaL
have been considered : {EA Chapter 7). . g

This executive summary highlights the important information and
evaluations found in the-.accompanying (EA. “Sec¢tion 2:of ithis executive summary
presents a summary of the decision process and findings;leading .to the
nomination of the Yucta-Mountain site.  Sections 3 .through 7 summarize the:. ...
results of evaluations contained:in corresponding chapters in:the.EA: -

8 0 90 3 O 0 4 3



2. DECISION PROCESS AND PRELIMINARY CONCLUSIONE

2.1 DECISION PROCESS

The guideline. require the DOE to implement the f -\lowing seven-part
evaluation and decision process for nominating and rec nnending sites for
characterizatioa: :

1. Evaluate the potentially acceptable sites agai ‘st the disqualifying
conditions specified in the guidelines. :

2. Group all potentially acceptable sites according to their
geohydrologic settings.

3. For those geohydrologic settings that contain more than one
potentialiy acceptable site, select the preferred site on the basis
of a comparative evaluation of all potentially acceptable sites in
the setting.

4, Evaluate each preferred site within a geohydrologic setting and
decide whether such site is suitable for the development of a
repository under the qualifying condition of each applicable
guideline.

5. Evaluate each preferred site within a geohydrologic setting and
decide whether such site is suitable for site characterization under
the qualifying condition of each applicable guideline.

6. Perform a reasonable comparative evaluation under each guideline of
the sites proposed for nomination.

7. Consider an order of preference of the nominated sites as recommended
sites and, on the basis of this order of preference, recommend not
fewer than three sites for characterization to the President.

The DOE prepared a draft EA for each of the nine potentially acceptable
sites to give all interested parties an opportunity to review the full
evaluation of all sites considered. In preparing the final EAs for the five
nominated sites, the DOE considered all comments that were received, as
documented in Appendix C.

With the issuance of the final EAs,; the DOE will formally nominate five
sites as suitable for characterization. The Secretary of Energy will then
recommend not fewer than three of these sites to the President as candidate
sites for characterization. After the President approves the Secretary's
recommendation, characterization activities will begin at those sites. After
characterization is completed, the DOE will again evaluate each site against
the guidelines and, after completing an environmental impact statement, will
recommend one site to the President for the first repository. The President
may then recommend the site to Congress. At this point, the host State may
issue a notice of disapproval that can be overridden only by a jeint
resolution of both Houses of the U.S. Congress. If the notice of disapproval

by
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is not overridden, tre President must submit another repcsitory site
recommendation with 2 months. If no notice of disappr«wal is submitted, or
if Congress override:r the notice of disapproval, then the site designation is
effective, and the DOE will file an application with the NRC to obtain a
construction authorization for a repository at that site.

2.2 PRELIMINARY FINDINGS AND DETERMIN:Z iIONS

Summarized below are the DOE's preliminary findihga ad determinations
that apply to the Yuccu Mowntain site,

2.2.1 EVALUATION AGAINST THE DISQUALIFYING CONDITIONS
The evidence doe¢s not support the disqualification of the Yucca Mountain

site under the guidelines; nor are any of the other eight potentially
acceptable sites found to be disqualified.

2.2.2 GROUPING OF SITES BY GEOHYDROLOGIC SETTING

The nine potentially acceptable sites are contained‘withinﬁfiVe digtinct
geohydrologic settings as . defined by the U.S. Geological,Survey...The sites
are grouped by the DOE's geohydrologic designations as follows:

Geohydrologic setting ‘ Siﬁé

Columbia Plateau Reference repoéitory location,
Hanford Site, Washington

Great Basin o Yucca Mountain, Nevada

Permian Basin Deaf Smith County and Swisher
uounty, Texas

Paradox Basin , g . ,Lavender Canyon and Davis
S Canyon; Utah .

Gulf Interior Region of Vachefie Dome;.Loﬁiﬁiéﬁésg
the Gulf Coastal Plain Cypress Creek Dome and Richton
Dome, Mississippi

The Yucca Mountain site is hydrclogically distinct from the other sites.
The proposed repository horizon at the site is in the unsaturated zone about
200 to 400 meters (656 to 1,300 feet) above the water table. The proposed
horizons at the other eight sites are all situated well below the water table.



2.2.3 SELECTION OV THE PREFERRED SITE IN THE GREAT BASIN

The Yucca Mou:.tain site is the only potentially acceptable site
identified in the 7“reat Basin. The process by which ii. was identified as the
preferred site in that setting is described in Chapter 2 of the Yucca Mountain
EA,

2.2.4 SUITABILITY OF THE YUCCA MOUNTAIN SITE FOR DE\ il.OPMENT AS A REPOSITORY

Section 112(b) of the Act requires the DOE to evaluate the suitability of
a site for development as a repository under each guideline that does not
require site characterization as a prerequisite for the application of such
guideline. The intent is to preclude the investment cf money and effort in
sites that could be disqualified under those guidelines for which substantial
information is available for site evaluationas. The guidelines that do not
require characterization address mainly those characte-istics of a site that
are related to the effects of a repository on public health and safety, the
quality of the environment, and socioeconomic conditions during the operating
period, before the repository is closed and sealed.

For a site to be suitable for repository development .umder each of those
guidelines that do not require site characterization, no disqualifying
conditions can be present, and each of the qualifying conditions must be met.
A final determination of suitability for repository development cannot be made
until site characterization is complete. However, at this stageé, the evidence
does not support a finding that the Yucca Mountain site is disqualified.
Furthermore, the evidence does not support a finding that the Yucca Mountain
site is not likely to meet all the qualifying conditions under those
guidelines that do not require site characterization.

2.2.5 SUITABILITY OF THE YUCCA MOUNTAIN SITE FOR CHARACTERIZATION

To determine whethér a site is suitable for characterization,'the DOE
must evaluate the site against all the guidelines, including those that
require site characterization. To judge that a site is suitable, the DOE must
conclude that the evidence does ‘not support a finding that the site is not:
likely to meet all of the ghidelineés. The evaluations against the guidelines
have led to a preliminary conclusion that the Yucca Mountain site is suitable
for characterization. b :

2.2, 6 DECISION ON NOMINATION

Having made 'the above findings, the DOE has decided to nominate the Yucca"
Mountain site ‘as''suitable ‘for thdracterization. The other potentially
acceptable sites selected for nomination are Davis Canyon, Utah; Deaf Smith,
Texas; the reference repository location at the Hanford site, Washington; and
the Richton dome, Mississippi.

A 0'n08 . 00 4.6



3. THE SITE

The Yucca Mourtain site is in Nye County, Nevada, on and adjacent to the
southwest portion ~f the Nevada Test Site, about 137 kiiometers (85 miles) by
air northwest of Las Vegas (Figure 2). The Yucca Mountain sité is on three
adjacent parcels oi Federal land, each under the separite control of the DOE,
the U.S. Air Force, and the Bureau of Land Management.

Yucca Mountain is in the southern part of the Gi»&t Basin, a part of the
Basin and Range Physiographic Province in which all s.rface waters drain into
closed basins rather than flowing into the ocean. As & own in Figure 3, the
rocks in this province can be divided into four groups in order of decreasing
geologic age: (1) Precambrian crystalline basement rocks; (2) Upper
Precambrian and Paleozoic sedimentary rocks that have been folded, faulted,
and uplifed to form large mountain ranges that eventua’ly eroded to a gentle
plain; (3) Tertiary tuffaceous volcanic material such as that which foris
Yucca Mountain; and (4) alluvium derived from the erosion of the surrounding
mountains. The tutfaceous rocks occur in layers at least 2,000 meters
(6,500 feet) thick.

Faulting and volcanism that produced the early features of the Basin and
Range Province took place concurrently approximately 10 to 40 million years
ago. In the vicinity of Yucca Mountain, tectonic activity has steadily
decreased over the last 10 million years. Mipor volcanic activity has
continued during basin filling and, most recently, produced thin, areally
restricted flows and cones of basalti¢c material on (rater Flat, west of Yucca
Mountain. Some faults in the vicinity of Yucca Mountain show evidence of
continued movement during the last 2 million years. Investigations to date
covering an 1,100 square-kilometer (425 square-mile) area around the site have
found thirty-two faults that offset or fracture Quaternary destits.
Quaternary faults have been divided into three broad age groups: 5 faults
last moved between 270,000 and 40,000 years ago; 4 other faults last moved
about 1 million years ago; and 23 faults last moved probably between 2 millicn
and 1.2 million years ago. Recently available but unevaluated thermo~
luminescence dates may indicate on the order of 1 to 10 centimeters (2.54 to
25.4 inches) of fault displacement in eastern Crater Flat less than 6,000
years ago. Yucca Mountain and areas to the west and south have had a rela-
tively low level of seismicity throughout the historical record.

The hydroiogic system of the southern part of the Great Basin is
characterized by low precipitation, deep water tables, and closed topographic
and ground-water basins that contain all surface-water flow within the
region. Ground water is recharged by the slow infiltration and percolation of
rain and surface water through intergranular pores and perhaps through
fractures in the rocks overlying the water table. At Yiicca Mountain; most of
the annual precipitation of 150 millimeters (5.91 inches) is returned to the
atmosphere through evaporation and plant transpiration before it can infil--
trate deep enough to become percolation and finally ground-water recharge.
Only a small fraction (3 percent or less) of the annual precipitation reaches
the depth proposed for the repository.

At Yucca Mountaln, a. reposltory would be constructed in the unsaturated
zone 200 to 400 meters (656 to 1,300 feet) above the water table. The
movement of ground water in the unsaturated zone is typified by a very low

iy
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flux of water movirg downward primarily through the intergranular pores of the
tuff layers. In tfre saturated zone below, water moves laterally through
fractures and pore: in both the tuffs and in the underiying carbonate-rock
aquifers.

There is no evidence that the Yucca Mountain site contains any commercial-
ly attractive geottermal, uranium, hydrocarbon, oil shiale, or coal resources,
although low-grade uranium and geothermal resources ar - found in the general
area of the site. Under foreseeable economic conditions and in spite of the
many small mining operations in the area, there is no p-rtential &t the site
ZJor extracting the limited mineral resources.

No perennial streams occur at or near Yucca Mountain. The only reliable
sources of surface water are springs in Oasis Valley, Amargosa Desert, and
Dedath Valley. Rapid run-off during heavy precipitation fills the normally dry
washes for brief periods of time. Local flooding can cccur where the water
exceeds the capacity of the channels. The terminal playas may contain stand—
ing water for days or weeks after severe storms.

The climate at Yucca Mountain is characterized by high solar insolation,
limited precipitation, low relative humidity, and large diurnal temperature
ranges. Meteorological data have been collected at the Nevada Test -Site since
1956. Average monthly temperatures at Yucca Flat vary from 1.8°C (35.3°F) to
24.,8°C (76.6° F), Yucca Mountain is expected to have slightly lower tempera+
tures. P SR

No site-specific information about air quality is available for the Yucca
Mountain site. However, data from similar remote desert areas suggest that
the ambient air quality at Yucca Mountain probably surpasses the National
Ambient Air Quality Standards. Suspended particulates are probably the most
important source of air pollution at Yucca Mountain. : A

No plant or animal on the Nevada Test Site or in the proposed repository
area is currently listed, nor is one an official candidate for listing, under
the Endangered Species Act of 1973. Therefore, there are no areas designated
a8 critical habitats in the repository area. The Mojave fishhook cactus
(Sclerocactus polyancistrus) and the desert tortoise (Gopherus agassizii).
both of which occur in the repository area, are under consideration for: ' :
Federal protection as endangered species. The desert tortoise is a Staté-
protected species. —

Literature reviews and field surveys of the archaeological, cultutal,’and
historical resources of Yucca Mountain and its vicinity have led to the identi-
fication of 178 prehistoric aboriginal sites. These sites are evidence that
the area of Yucca Mountain was used by small and highly mobile groups or bands
of aboriginal hunter-gatherers. ' i -

Social and economic impacts are expected to occur in areas where reposi-
tory-related expenditures would be made and where the inmigrating repository-
related work force would reside. Historical settlement patterns of workers at
the Nevada Test Site (NTS), located in Nye County, provide a reasonable indica-
tion of where repository workers and their families would settle. Data on
recent settlement patterns of these workers indicate that most (96 percent) of
the repository-related population would likely settle in Nye and Clark
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counties. Therefore, the areas expected to experience gocioecconomic effects
consist vf Nye Co.nty, where the site is located, and neighboring Clark County.

Nye County i« largely rural, with a population drnsity of 0.5 person per
square mile. The three unincorporated towns in southmrn Nye County closest to
the proposed site are Amargosa Valley, Beatty, and Pehrump. The'total popula-
tion of Nye Countr in 1980 was 9,048,

The 1980 population of Clark County was 463,087, with a density of 38.8
persons per square mile. Approximately 96 percent ¢ this population resides
in the Las Vegas valley. Incorporated cities in the 7as Vegas valley include
Henderson, Las Vegass, and North Las Vegas. Unincorpor.ted towns and
communities in the Las Vegas valley are East lLas Vegas, Enterprise, Grandview, '
Lone Mountain, Paradise, Spring Valley, Sunrise Manor. and Winchester.

4. EFFECTS OF SITE CHARACTERIZATION

To obtain the information necessary for evaluating the suitability of the
Yucca Mountain site for a repository, the DOE will conduct a site character-
ization program of underground testing. To carry out this program, the DOE
will construct two shafts (one shaft for exploration and one for emergency
egress), excavate drifts at the proposed reépository depth, dnd construct:
support structures on the surface. In addition to the tests performed under-
ground and in the exploratory shaft, geologic field studies will be conducted
to characterize underground conditions. This site characterization program
will require the clearing of about 285 hectares (705 acres) of land.

Concurrent with geologic site characterization activities, the DOE will
study the environment of the site and its vicinity, including weather condi-~
tions, air quality, noise, plant and animal communities, and archaeological
and cultural resources. Social and economic conditions will also be investi-
gated in the area expected to be affected by the repository.

The site characterization program will last several years., At the end of
this period, if the site is found to be unsuitable for a repository, the
exploratory shaft facility would be either decommissioned or preserved for
other uses. Decommissioning could include the backfilling and sealing of the
underground openings and shafts, and restoration of the surface area.

Site characterization activities are expected to result in minimal local-
ized environmental effects on geologic and hydrologic conditions; land use}’
surface soils; ecosystems; air quality; noise levels; aesthetic quality; and
cultural, historical, and archaeological resources. However, some poténtially
adverse effects that would result from site characterization have been identi—
fied.

One adverse impact of site characterization would be the effects on
wildlife populations resulting from the removal of wildlife habitat. Approxi-
mately 285 hectares (705 acres) of habitat would be disturbed by drill pads,
roads, utility lines, trenches, seismic lines, off-road driving, and construc-
tion. Wildlife in the surrounding areas could also be disturbed by human
presence and activity. In addition, some roadkills are expected. Measures



will be taken to witigate adverse effects. For example. sensitive areas, such
as habitats for ths Mojave fishhook cactus, could be avoided. Reclamation of
the disturbed lancs would be undertaken. However, because the site and its
immediate surrouncings do not support any ecologically unique communities and
because the area to be cleared is small compared to t..+ tens of thousands of
acres of relatively undisturbed desert surrounding Yucua Mountain, the eco-
logical effectu or a regional level will be minimal.

Adverse effects on air quality may result from ts.: particulate and
gaseous emiggions from construction and operation of tne exploratory shaft and
concomitant gite characterization activities, Becau:e Yucca Mountain is in an
area where the existing air quality is considered to b. better than State and
Federal ambient air-quality standards, site characterization would be subject
to regulations designed to prevent a significant deterioration of the ambient
air quality.

The effect of noise is expected to be insignificant on a regional level.
Analyses indicate that wildlife may be affected within 0.6 kilometer
(0.4 mile) of the exploratory shaft construction site ind within 1.5 kilo-
meters (1 mile) of a surface blast site. No wildlife impacts are expected
from underground blasting or from operation of the exploratory shaft facil-
ity. The potential effects of noise on wildlife is speculative and based on
laboratory experiments. Residents of the nearest town (Amargosa Valley) are
not expected to be. adversely affected by noise produced by site characteri-
zation activities.

Because of site~characterization activities and increased human activi-
ties in the area, there is a potential for unauthorized nonscientific exca-
vation of archaeological sites or the collection of artifacts. To mitigate
this effect, sensitive sites will be identified in cultural-resource surveys
and avoided or protected where possible. An archaeologist will supervige the
collection of artifacts in the areas directly affected by site-characteri-
zation activities and where sites cannot be avoided or adequately protected.
Four significant sites have been identified. Systematic collections of the
cultural remains at the sites have been completed to mitigate the potential
adverge impact of site characterization.

The social and economic impacts of site characterization are expected to
be small and insignificant. Some social effects may result from an increase
in public awareness of the repository project. Selection of Yucca Mountain
for site characterization could induce changes in social organization
associated with the formation of support and opposition groups, disputes
within existing groups, and focusing of attention on repository-related issues.

A potentially significant fiscal effect of recommending Yucca Mountain
for site characterization would be an increase in the State and: local
participation in planning activities. However, the Act explicitly recognizes
the fiscal implications of State participation and provides a mechanism for
financial assistance.: SRR :
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5. REGIONAL AND LOCAL EFFECTS OF REPOSITORY DEVELOPMENT

To determine tle effects of developing a two-stage repasitory at Yucca
Mountain, three perioda of repository development were examined: (1) con-
struction, (2) operations, and (3) decommissioning and riosure.

All of the Stag: 1 and a portion of the Stage 2 fac (lities would be
constructed and som: of the subsurface facilities would "¢ excavated during
the first 4.3 years of the 7-year construction period. /she Stage 2 facilities
would be completed in the last 3 years of the construc' iun period, which would
overlap with the first 3 years of the operations perioa. The operations
period, which would lust for 50 years, would consist of rvo phases. Radio~
active waste would be received and emplaced during the 2§-year emplacement
phase. The underground facilities and surrounding environment would be
monitored during this phase. The 22-year caretaker phase would follow
completion cf waste-emplacement operations; the facilities, as well as the
surrounding environment, would continue to be monitored, and the retrieva-
bility option would be maintained in compliance with NRC requirements (10 CFR
Part 60, 1983) for evsuring retrievability at any time uf to 50 years after
waste emplacement begins. If a decision to retrieve the waste were made
during the caretaker phase, the lifetime of the project would be extended
approximately 30 years during which actual waste retrieval would be accom-
plished. A decision to close and decommission the repository could be made at
any time during the caretaker phase. The decommissioning and closing of the
repository would last for an 8-year period under the vertical-emplacement
alternative or a 3-year period under the horizontal-emplacement alternative.
During closure and decommissioning, shafts and boreholes would be closed and
sealed, land~use controls would be instituted, the surface facilities would be
decontaminated and decommigsioned, and permanent markers or monuments would be
erected at the site to warn future generations about the presence of the
underground repository.

Both beneficial and adverse effects could result from development of a
repository at Yucca Mountain. Locating a repository at Yucca Moyntain is
expected to have minimal impact on the geologic environment, the hydrologlc
environment, and land use.

Possible adverse effects on ecosystems are greatest for the construction
period, and are a result of removing vegetation and increasing transportation
in the vicinity of the site. The primary ecological effect would be the
removal of approximately 680 hectares (1,680 acres) of vegetation. .Clearing
this land is not expected to. be ecologically significant because the affected
areas are vwery small compared to the surrounding undisturbed areas of similar
vegetation,

Indirect ecological effects of construction may also be caused by
combustion emissions, fugitive dust, sedimentation, and noise.

The potentially adverse effects on ambient air quality would be due
largely to the particulates generated by site clearing, coanstruction
activities, traffic, and wind erosion.: -The projected conceptrations of the
combustion emissions are not considered high enough to cause any significant
adverse effects to the plants and.animals.in the region. However,. fugitive
dust deposition on the leaves ofwdesertzshrggg.can increase the loss of leaves
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and the death of shrubby vegetation near disturbed areas. Mitigative
measures, such as wet .ing the surfaces of disturbed areas, can be used to
minimize fugitive dus:., Ambient levels of regulated pollutants are expected
to be below State and Federal standards for ambient air quality; however, a
more precise determirstion of air-quality effects and the mneasures that can be
taken to reduce them will be made during site characteriz:({’on.

Repository worksrs, who are protected by worker saf« y regulations, and
wildlife are the only sensitive noise receptors in the -7icinity of Yucca
Mountain. The effects of noise on wildlife are specula! ive, No significant
noise effects are expected, but any impacts to wildlife sl ould be limited to
the immediate vicinity of the site during construction, Y.3. Highway 95 during
transportation of men and materials to the site, and in the vicinity of the
repository during operations. Noise from rail transport <ould affect humans
at Indian Springs, Floyd R. Lamb State Park, and Mercury. No significant
impacts are expected in Amargosa Valley or Indian Springs from rcad traffic.

The construction and operation of the repository may lead to the physical
disturbance of archaeological sites and possibly the loss of data that are
crucial for interpreting these sites. Several mitigating measures would be
used to protect known sites where such impacts could occur; for example,
fences could be erected around significant sites and a professional archae-~
ologist could be employed to monitor construction within sensitive locations.

Transportation effects would result from increased commuter traffic and
the hauling of supplies and radiocactive waste. Radiological risks would
result from the direct external radiation emitted by the radioactive waste as
a shipment is transported. Nonradiological risks are traffic accidents and
the health effects that result from the pollutants emitted by combustion
engines; they would occur regardless of the cargo carried by the railcar or
truck. In general, both types of risk will vary with the distance traveled
and with the mcde of transportation (road or rail).

Transportation accidents severe emnocugh to release radioactive materials
from a shipping container are extremely unlikely. On a national basis, the
radiological impacts associated with truck shipment are much greater than
those for rail, and the use of a monitored retrievable storage (MRS) facility
would reduce the total radiological impact of transporting nuclear wastes,
especially if rail is used as a shipping mode between the waste generation
point and the MRS. As in the case of national impacts, the radiological risk
on a regional basis from truck shipment is significantly greater than for rail
shipment, but the risk of transporting nuclear waste within the State of
Nevada is very low regardless of the mode of shipment or the use of an MRS
facility.

Certain nonradiological risks are inherent in any large-scale transporta-~
tion program, regardless of whether nuclear materials are involved or not.
Nonradiological effects include the potential induction of cancer by nonradio-
active pollutants emitted by the truck or train and the fatalities or injuries
.resulting from railcar or truck accidents. On a national scale the results
follow the same general pattern as that of radiological impacts when waste is
shipped directly to the repository in that truck shipments represent a greater
risk than do rail shipments. The difference in nonradiological risk between
shipping modes is significantly reduced if an MRS facility is assumed. For
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the regional case involving no MRS, the total nonradiological risk is lowj the
risk associated with “ruck shipments is greater than that for train shipments;
and the largest fraction of the risk for truck shipments is incurred along the
Interstate 15 southboind route. If an MRS facility is assumed, the total
nonradiological risk also is low and the risk associated with train shipment
is greater than that for truck shipment,

Total national 1isk is a function of the number of . .ipments made and
whether an MRS facility is used in the waste-management srstem. In all cases
nonradiological fatalities and injuries far exceed thost due to the
raviological nature of the cargo. The four scenarios ar. ranked according to
risk in the following mranner, with the highest risk first:

1. Truck transport of spent fuel to an MRS facility with a dedicated.
train from the MRS facility to Yucca Mountain,

2. Direct truck transport to Yucca Mountain.

3. Rail transport of spent fuel to an MRS facility with a dedicated
train from the MRS facility to Yucca Mountain, - S

4, Direct rail transport to Yucca Mountain.

From a regional standpoint the safest scenario is direct .transport from
origin to Yucca Mountain by rail. The highest risk is associated with direct
transport of western fuel from origin to Yucca Mountain by truck with eastern
fuel being transported from the MRS facility by dedicated rail. However, as
previously noted, all scenarios produce extremely low risk within the State of
Nevada.

Access routes would be relatively easy to construct at the Yucca Mountain
site and would traverse flat terrain, thereby reducing the risk of accidents.
These routes would also bypass local towns and communities, providing direct
access to regional ard national transportation networks.

Total employment (direct plus indirect) induced by the project would
increase and decrease over time in relation to the size of the direct project
work force. Total annual employment would reach a peak of about 4,800 jobs in
1998. Near the end of the construction period in 1999, this number would
decline to about 4,150. The average level of total employment would be about
4,260 for the 25-year emplacement phase through 2024. Labor market impacts
would depend upon the local and regional availability of workers at various
phases of the project, particularly during the construction period (from 1993
through 2000) when direct work force requirements would reach their peak.
Labor market impacts could include inmigration of workers having mining and
construction skills and an increase in wages and salaries to induce these
workers to relocate to the area. Peak annual direct and indirect wage'
expenditures are expected to be between $95.37 and $110.04 million dollars
during the overlap of the construction and operations periods. Additional
revenues would recult from local repository-~related purchases.

During peak employment in 1998, the project could cause a worst-case

population increase of about 16,100 over baseline projections for the bicounty
area, which is about 2 percent of the baseline bicounty population. If direct
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and indirect workers follow the settlement patterns of workers recently employ-
ed by the DOE and it: contractors at the Nevada Test Site, Clark (ounty would
receive 83 percent of the maximum annual project-related population increase

or a maximum of about. 13,940 people. Nye County, which would receive about 13
percent of the total, would experience a maximum influx o’ about 2,180 people.

Potential commuaity-service impacts would be mainly osn county-wide
service providers that are more likely to have the resov-ces for managing
growth than are the unincorporated tcwns of Nye and Clarh counties. However,
available information on the current adequacy of commur ity services indicates
that repository-relatcd population growth in the sparse.: populated areas of
Nye and Clark counties could contribute to existing comm: :ity service supply
problems in some communities. These problems would be small in urban areas of
Clark County. The specific details of the effects on community services and
net government revenues are not certain at this timej however, the Act pro-
vides for mitigation assistance where needed.

In Nye County, the maximun service requirements increase over those pro-
jected for the future baseline would be about 5 percent in 1998. During most
of the project, service requirements would be less than 4 percent higher than
the projected baseline. In Clark County, it is not expected that the require-
ments for increased services would exceed forecast baseline service levels by
more than 1.7 percent during the period of greatest impact, which is the com-
bined construction-operations period from 1998 to 2000. 'In other periods, the
incremental service requirements associated with the repository in Clark
County would range from about 0.1 to 1.4 percent over those expected due coff'
projected baseline growth.

6. EVALUATIONS OF SITE SUITABILITY

The DOE has evaluated the Yucca Mountain site to determine its suit-
ability as a candidate for site characterization. This evaluation .was based
mainly on the siting guidelines, but it was also based in part on the expected
effects of site characterization and of repository development, as: summarized
in the preceding sectioms. . e

6.1 THE STRUCTURE OF THE GUIDELINES

The guidelines are divided into two.sets: postclosure (the period after
the repository is permanently closed) and preclosure (the period of repository
siting, construction, operation, closure, and decommissioning). The post-
closure and preclosure guidelines contain both technical and system guide-
lines. The technical guidelines address the specific characteristics of the
site that are considered to have a bearing on preclosure and postclosure
performance of the repository. The system guidelines address the expected
performance of the total system, including its engineered components; their
objective is to protect public health and safety and to preserve the quality
of the environment. g
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The postclosure tuchnical guidelines address the characteristics that
could affect the long~:erm ability of the site to isolate waste from the
accessible environment. In particular they cover geohydrologic conditions,
geochemical condition: . rock characteristics, climatic changes, erosion,
dissolution, tectonice, and human interference. The postciosure system
guideline requires the gits to contain and isolate waste Urom the accessible
environment in accordance with the standards and regulatiias specifically
promulgated for repositories by the Environmental Proteci on Agency (EPA) and
the Nuclear Regulatory Commigssion (NRC). In order to arh.eve the specified
level of contaiunment and isolation, the site must allow fur the use of engi-
neered barriers.

The preclosure guidelines are divided into three groups: (1) preclosure
radiological safety; (2) environment, socioeconomics, and trangportationj and
(3) the ease and cost of siting, construction, operation, and closure. A pre-
closure system guideline is specified for each of these groups. The associ-
ated technical guidelines address site suitability in terms of population
density and distribution, site ownership and control, meteorology, offsite
installations and operations, environmental quality, socioeconomics, trans-
portation, surface characteristics, rock characteristics, hydrology, and
tectonics,

6.2 SUMMARY OF SITE EVALUATIONS AGAINST THE POSTCLOSUREﬂGUIDELINES .

Features of the Yucca Mountain site that contribute to its long-term.
ability to isolate waste from the accessible environment include (1) an unsat-
urated environment, (2) the probable occurrence of zeolite minerals along the
paths of ground-water flow to the accessible environment, and (3).a low poten~
tial for human intrusion. ‘

Ground-water flow is a mechanism by which radionuclides could travel from
the repository to the accessible environment after closure. The unsaturated
zone at Yucca Mountain is the most significant barrier to waste migration
because the amount of water available for corrosion of waste disposal con-
tainers and radionuclide transport is very limited in this zone; Furthermore,
the climate of the region is very arid. The present low flux of water through
the unsaturated zone is not expected to change sufficiently to compromise
isolation over the next 10,000 years-~the time required for waste isolation.

The occurrence of zeolite minerals along probable flow paths to the
accessible environment provides a barrier to radionuclide migration because of
the radionuclide-sorption capacity of zeolites. The characteristics of the
probable flow paths, coupled with the characteristics of the unsaturated zone,
would substantially limit the movement of radionuclides.

No economic deposits of o0il, gas, or mineral resources have been found at
the site, and none are expected to be found. Thus, there is very little
potential for inadvertent human interference to disrupt the isolation
capabilities of the Yucca Mountain site.

A condition that may adversely affect the ability of the natural barriers

at the site to isolate waste is the presence of oxidizing ground water. At
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Yucca Mountain, oxidiring ground water is present in the gaturated zone and is
expected in the unsaturated zone. The presence of oxidiszing waters is of
concern mainly becaus. it may increase corrosion rates of waste disposal
containers and the soiubility and mobilization of radionu-:lides. However,
because the repository would be in the unsaturated zone and thus have little
exposure to ground wa“er, the presence of oxidizing groun’ water may not
significantly affect :he lifetime of the container or th: movement of radio-~
nuclides. In addition many container materials, when exj: sed to oxidizing
conditions, form protective coatings that would prolong tie lifetime of the
cot.tainer.

With respect to the possibility of disruptive events .hat would affect
repository perforiance, the Yucca Mountain site is in a geonlogic setting where
earthquakes of greater magnitude than those recorded in ti: geologic setting
could occur. However, if these events do occur, they are not expected to
affect the waste-isolation capabilities of the site, because such events are
not likely to alter the natural characteristics of the ungsaturated zone, which
is the primary mechanism for controlling radionuclide migration.

In order to meet the EPA standard for long-term waste containment and
isolation, the NRC requires that the waste package provide substantially
complete containment of waste for a minimum of 300 years and that, after this
period of containment, the radionuclide-release rate not exceed one part in
100,000 per year of the inventory calculated to be present after 1,000 years.
The lifetime of waste packages at the Yucca Mountain site is expected to be
more than 3,000 years. After the period of containment, the fractional rate
of radionuclide release from the engineered-barrier system is estimated to be
within the NRC regulatory limits. The average time of ground-water travel
from the disturbed zone to the accessible environment is conservatively
estimated to be 43,270 years. Preliminary assessments of engineered-~barrier
performance based on realistic but conservative assumptions indicate that the
EPA limit on the release rate to the accessible environment would be met at
the Yucca Mountain site. ‘

‘6.3 SUMMARY' OF SITE EVALUATIONS AGAINST THE PRECLOSURE GUIDELINES
. 1 : R
The evaluations: of ‘the 'Yucca Mountain site agalnst'the three groups of
preclosure guidelines:adré summarized below. :

A
6.3.1 RADIOLOGICAL SAFETY

Preliminary preclosure ‘agsessments for the Yucca Mountain slte indicate
that radioactivity releases would not exceed any of the applicable radiation
standards during repository operatdon and closure. In addition the site was
evaluated against the four ‘technical guidelines that address the radiological
impacts of repository operation: population density and distribution, site
ownership and control, meteorology, and the effects of operations: and
accidents at nearby installations.
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The Yucca Mountain site is on Federal lands remote frem populated areas.
It is about 137 kilowmeters (85 miles) by air from the Las Vegas urban area,
which is the nearest population center. The population density of Nye County
is only 0.5 person per square mile. As a result, it is unlikely that
radioactive releases from the repository could affect larjre numbers of people.

The weather corJditions at the site are such that an atmospheric release
of radioactive matexial, should a release occur, is not «xpected to be
preferentially transported toward population centers. Aiso, there is little
probability of operational accidents from weather and ¢ :li#r natural phenomena.

There is little potential for the disruption of repc:itory operations as
a result of accidents at the Nevada Test Site. However, routine weapons
testing at the test site would temporarily disrupt operations at the
repository, because during such testing the repository workers would not be
allowed to enter the underground area for safety reasons.

6.3.2 ENVIRONMENT, SOCIOECONOMICS, AND TRANSPORTATION

Three technical guidelines address the environmental, socioeconomic, and
transportation effects of repository siting, construction, operation, closure,
and decommissioning. These effects, which would be both beneficial and
adverse, are summarized in sections 4 and 5 above. Preliminary analyses
indicate that there are no significant adversge environmental impacts that
cannot be mitigated; the socioeconomic welfare of the public can be preserved;
transport of wastes can be conducted in compliance with regulations; the
public and the environment will be adequately protected from the hazards posed
by radioactive waste disposal.

With respect to the system guideline on the environment, socioceconomics,
and trangportation, the evidence does not support a finding that the Yucca
Mountain site is not likely to meet the qualifying condition of protecting the
public and the environment from the potential hazards of waste disposal.

6.3.3 EASE AND COST OF SITING, CONSTRUCTION OPERATION AND CLOSURE

Four technical guidelines address the ease and cost of siting, construc-
tion, operation, and closure: surface characteristies, rock characteristics,
hydrology, and tectonics. The characteristics of the tuff at Yucca Mountain
are favorable. For example, underground openings are expected to' require-
minimal support, such as light rock-bolting and wire mesh. There appears to
be no requirement for extensive maintenance to keep passageways open to the
required dimensions. It is expected that excavated openings would remain
stable enough to allow the retrieval of the waste, if necessary.

Information indicates that the current usable primary repository area at
the Yucca Mountain site offers limited lateral flexibility and adequate
vertical flexibility for designing and constructing the repository.
Additional area is available and can be added to the usable area during site
characterization. The predicted peak seismicity of the site is-within the
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range that allows the use of reasonably available technology for design of
surface and undergrour:d repository facilities.

These preliminary evaluations indicate that the repository can be
constructed and operai>d with reasonably available techno.ugy and that the
costs would be comparzhle to the costs of construction a repository at the
other potentially accrptable sites. Therefore, there is nn evidence to
support a finding the the site is not likely to meet the jualifying condition
of the system guideline on the ease and cost of siting, ccastruction,
operation, and closure.

7. COMPARATIVE EVALUATION OF NOMINATED SITES

7.1 PURPOSE AND REQUIREMENTS

Chapter 7 presents a comparative evaluation of the five sites nominated
as suitable for site characterization: Davis Canyon, Deaf Smith County,
Hanford, Richton Dome, and Yucca Mountain. Each site is a preferred site
within a geohydrologic setting: Davis Canyon is in the bedded salt of the
Paradox Baain in Utah; Deaf Smith County is in the bedded salt of the Permian
Basin in Texas; Hanford is in basalt in the Columbia Plateau in Washingtonj
Richton is a salt dome in Mississippi; and Yucca Mountain is in tuff in the
Southern Great Basin in Nevada.

The purpose of this chapter is to present a comparative evaluation of the
nominated sites in order to satisfy the following:

1. Section 112(b)(1)(E)(iv) of the Nuclear Waste Policy Act of 1982,
which requires that a 'reasonable comparative evaluation" be included
in the environmental assessments that accompany site nomination, and

2. Section 960.3-2-2-3 of the DOE's siting guidelines (10 CFR Part 960),
which requires that a reasonable comparative evaluation be made and
that a summary of evaluations with respect to the qualifying
condition for each guideline be provided to "allow comparisons to be
made among sites on the basis of each guideline."™

This comparative evaluation is intended to allow the reader to compare
the more detailed suitability evaluations of the individual sites that are
presented in Chapter 6 of each environmental assessment. The comparison
should assist the reader in understanding the basis for the nomination of five
sites as suitable for characterization [112(b)(1)(A)]; it is not intended to
directly support the subsequent recommendation of three sites for
characterization as candidate sites.

7.2 APPROACH AND ORGANIZATION

This comparative evaluation of the five nominated sites is based on. the
postclosure and preclosure guidelines (10 CFR Part 960, Subparts B and C,
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respectively). The eveluation presented in this chapter incliudes the system
guidelines and the tec.nical guidelines. The approach used to compare the
sites with respect to cach system and technical guideline in summarized below.

7.2.1 TECHNICAL GUIDY .INES

Major considerations that could be used to compare th: sites on the basis
of the qualifying condition of each technical guideline ® 2x¢ derived by
identifying the favorable, potentially adverse, and disqua’ ifying conditions
that deal with the same general topic. Contributing factovs that represent
the characteristics of the site that are potentially important in evaluating
the sites with respect to each major consideration were also identified. The
relative importance of the major considerations was determined primarily by
the degree to which they contribute to the qualifying condition; that is, the
stronger the tie between the consideration and the qualifying condition, the
greater the importance of the consideration.

The purpose of identifying major considerations for each guidelines is to
combine closely related site conditions so that the balance of the favorable
and potentially adverse conditions can be considered directly. Most
guidelines that contain a disqualifying condition have one or more potentially
adverse conditions that relate to the disqualifying condition. Since these
potentially adverse conditions are considered in the formulation of a major
consideration, the important aspects of the disqualifying conditions
indirectly enter the comparative evaluation. Where a major consideration that
is needed to evaluate the qualifying condition does not have a related
favorable or potentially adverse condition, the consideration is derived
directly from the qualifying or disqualifying condition. :

The comparative evaluation of the sites with respect to each guideline,
using the approach described above, is summarized in Sections 7.2 and 7.3 for
the postclosure and preclosure guidelines, respectively.* These gections are
organized in the following manner:

1. For each guideline, the major consideration(s) and associated
contributing factors are identified.

2. The evaluation of each site on the basis of each major consideration
is then summarized. The evaluation of each site with respect to each
major consideration is presented in alphabetical order, by site.

3. The sites are then compared on the basis of the qualifying
condition. This comparative evaluation describes the sites with the

*Since the comparative evaluations in Section 7.2 and 7.3 are already a
summary of information in Chapter 6, this executive summary does not attempt
to further abstract the substance of the comparative evaluation. The DOE
believes that a further synopsis of Section 7.2 and 7.3 for the purpose of
this executive summary would distort the information and possibly mislead the
reader.
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most favorable combinacion of characteristics first and those with a less
favorable combination - .f characteristics last in order to allow easier
comparison of the suitebllity evaluation of the site presernted in Chapter 6
with gsites having other combinations of characteristics.

7.2.2 SYSTEM GUIDELINES

The comparison of sites on the basis of the individi.a.. technical
guidelines uses the majnr comsiderations to incorporate 17 favorable and
potentially adverse conuitions in an evaluation of a site'. standing on the
qualifying conditisns for each technical guideline. It is .ot appropriate,
however, to use this approach for a comparative evaluation of sites on the
basis of the system guidelines. The qualifying conditions for the system
guidelines do not lend themselves to the identification of major
considerations in the way that the qualifying conditions for the technical
guidelines do. The system guidelines for postclosure repository performance
and preclosure radiclogical safety are stated in terms of regulatory
requirements of the NRC and EPA. The evaluations of these two system
guidelines are based on preliminary performance assessments that consider the
associated technical guidelines as the elements of the system. These
evaluations are summarized directly from Sections 6.3.2 and 6.2.2.1 of each
environmental assessment.

The system guidelines for environment, socioeconomics, and
transportation, and for ease and cost of repository congtruction, cperation,
and closure are not stated as regulatory standards, and they .cannot be .
evaluated by a performance assessment as are the other two system guidelines.
Instead, they are evaluated by considering the individual guideliines that make
up these two system guidelines collectively to determine whether each site
meets the qualifying condition .of the relevant system.guidelines. The
evaluation of these system guidelines: is summarized from Section 6.2.2.2 and
6.3.4, in each environmental assegsment.
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Chapter 1

PROCESS ¥OR SELECTING SITES FOR GEOLOGIC REPCGEITORIES

1.1 INTRODUCTION

By the end of this century, the United States plans t¢ begin the opera-
tion of a geologic repository for the permanent disposal +f commercial spent
nuclear fuel and high-level radioactive waste.* Public Lev 97-425, the
Nuclear Waste Policy Act of 1982 (the Act), specifies the p.ocess for se-
lecting a repository site and assigns to the U.S. Department of Energy (DOE)
the responsibility for siting, constructing, operating, closing, and decommis-~
sioning the repository.

A number of alternative methods for disposing of spent nuclear fuel and
high-level radioactive waste have been studied during the past 10 years (DOE,
1980a; EPA, 1979; Interagency Review Group, 1979; Schneider and Platt, 1974).
After an extensive evaluation of these alternatives, as documented in the
final environmental impact statement on the management of commercially gener-
ated radioactive waste (DOE, 1980a), the DOE chose disposal in mined geologic
repositories as the preferred method and documented this decision in a notice
published in the Federal Register (Vol. 46, p. 2667, May 14, 1981). Congress
endorsed this preference by declaring that one of the key purposes of the Act
is '"to establish a schedule for the siting, construction, and operation of
repositories that will provide reasonable assurance that the public and the
environment will be adequately protected from the hazards posed by high-level
radioactive waste and such spent nuclear fuel as may be disposed of in a
repository'" (Section 111(b)(1)).

1.1.1 THE GEOLOGIC REPOSITORY CONCEPT

A geologic repository will be developed much like a large mine, Shafts
will be constructed to allow for the removal of excavated material and to per-
mit the construction of tunnels and disposal rooms at depths between 1,000 and
4,000 feet underground. Other shafts will be constructed to allow for the
transfer of waste. Surface facilities will be provided for receiving and

*High-level radioactive waste means (1) the highly radiocactive material
resulting from the reprocessing of spent nuclear fuel, including liquid waste
produced directly in reprocessing and any solid material derived from such
liquid waste that contains fission products in sufficient concentrations, and
(2) other highly radioactive material that the U.S. Nuclear Regulatory Commis-
sion (NRC), consistent with existing law, determines by rule requires perma-
nent isolation. The terms "radioactive waste" and "waste'" are used for both
spent fuel and high-level radidactive waste. :
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preparing the waste frr emplacement underground. The surface and underground
facilities will occupyv about 400 and 2,000 acres of land, respectively. When
the repository has bgon filled to capacity and its performance has been shown
to be satisfactory, t-e surface facilities will be decommissioned and all
shafts and boreholes will be backfilled and permanently sc<aled. A more
detailed description of a conceptual design for a reposit::cy is presented in
Section 5.1.

A repository can be viewed as a system of multiple t. rriers, both natural
and engineered, that act together to contain and safely iinlate the waste.
The engineered barriers will include the waste package, :b¢ underground facil-
ity, and shaft and tunnel backfill materials. The waste j~ackage will consist
of the waste form, either spent nuclear fuel or solidifiea high-level waste,
a metal container, and specially designed backfill material to separate the
waste container from the host rock. The waste package will contribute to
long-term isolation by delaying eventual contact between the waste and the
geologic environment. The underground facility will consist of underground
openings and backfill materials not associated with the waste package. These
barriers will further limit any ground-water circulation around the waste
packages and impede the subsequent transport of radionuclides into the
environment.

The geologic, hydrologic, and geochemical features of the site constitute
natural barriers to the long-term movement of radionuclides to the accessible .
environment., These natural barriers will provide waste isolation by impeding
radionuclide transport through the ground-water system to the accessible
environment and will possess characteristics that will reduce the potential
for human interference in the future,

Although the DOE plans to use engineered barriers~-as required by both
the Nuclear Regulatory Commission (NRC) in 10 CFR Part 60 and the Environ~
mental Protection Agency (EPA) in 40 CFR Part 191--the DOE places primary
reliance on the natural barriers for waste isolation. Therefore, in evalu-
ating the suitability of sites, the use of an engineered-barrier system will
be considered to the extent necessary to meet the performance requirements
specified by the NRC and the; EPA bhut will not be relied on to compensate for
deficiencies in the natuxal barriers. :

1.1.2 THE NUCLEAR WASTE POLICY ACTVOF 1982

The search for suitable repository sites has been under way for about 10
years, although preliminary screening began in the mid-1950s. With the pas~-
sage of the Act, a specific process for siting and licensing repositories was
establigshed. Through provisions for consultation and cooperation ae well as
financial assistance, the Act also established a prominent role in the siting
process for potential host States, affected Indian Tribes, and the public. To
pay the costs of geologic disposal, the Act provides for a Nuclear Waste Fund
through which commercial electric utility companies are charged a fee that is
based on the amount of elegtricity .they produce in nuclear power plants. The
DOE's strategy for implementing the Act is discussed in detail in the Mission
Plan for the Civilian Radioactive Waste Management Program (DOE, 1985).
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In February 1985, the DOE carried out the first requirement of the Act by
formally identifying potentially acceptable sites in the following locations
(the host rock of ea h site is shown in parentheses):

Vacherie Doive, Louisiana (salt dome)

Cypress Creck Dome, Mississippi (salt dome)

Richton Dor, Mississippi (salt dome)

Yucca Mountain, Nevada (welded tuff)

Deaf Smith County, Texas (bedded salt)

Swisher County, Texas (bedded salt)

Davis Canyon, Utah (bedded salt)

Lavender Canyon, Utah (bedded salt)

Reference repository location, Hanford Site, Washington (basalt flows)

-
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The location of these sites in their host States is shown in Figure 1-1.%

The Act further requires the DOE to issue general guidelines to be used
in determining the suitability of sites. In February 1983, the DOE published
draft General Guidelines for the Recommendation of Sites for Nuclear Waste
Repositories (DOE, 1983), The DOE revised the guidelines after receiving
extensive comments from the NRC, the States, Indian Tribes, other Federal
agencies, and the public. The NRC concurred with the revised guidelines in
June 1984, and the final guidelines were promulgated in December 1984
(DOE, 1984a).

The Act requires that, after the guidelines are issued, the DOE nominate
at least five sites as suitable for site characterization. The DOE must then
recommend not fewer than three of those sites for characterization as candi-
date sites for the first repository. During site characterization, the DOE
will construct exploratory: shafts for underground teating to determine whether
geologic conditions will allow the construction of a repository that will
safely isolate radioactive waste, The Act requires the DOE to prepare site-
characterization plans for review by the NRC, States, Indian Tribes, and the
public. After site characterization and an environmental impact statement are
completed, the DOE will recommend one of the characterized sites for develop-
ment as the first repository.

1;1.3 THE ENVIRONMENTAL ASSESSMENT

The Act requires the DOE to prepare environmental assessments to serve as
the basis for site nominations. Although'not required by the Act, draft
environmental assessments were prepared for each of the nine potentially
acceptable sites and issued for comment by thHe NRC and cther Federal agencies,
the States, affected Indian Tribes, and the public. The DOE has considered
the comments received on these drafts before making final decisions about

*In Texas, the DOE first identified two locations that were up to. 300
square miles in area. These were subsequently narrowed to 9 square miles.
The other potentially acceptable sites identified in February 1983 were on the
order of tens of square miles.
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nomination and recommundation. The issues raised by the comments and the
DOE's responses are p.esented in Appendix C.

The final environmental assessments contain the following kinds of infor-
mation and evaluations to meet the requirements of Sectics 112 of the
Act:

A descriptior. of the decision process by which t!.. site being consid-
ered for nomination was selected (Chapter 2).

® A description of the site and its surroundings (lhapter 3).

® An evaluation of the effects of site characterization on the health
and safety of the public and the environment as well as a discussion
of alternative activities that may be taken to avoid such impacts
(Chapter 4).

® An assessment of the regional and local impacts of locatlng the prO*
posed repository at the site (Chapter 5). RN

® An evaluation as to whether the site is suitable for site characteri-
zation (Chapter 6).

® An evaluation as:to whether the site is suitable for development as a
repository (Chapter 6).

® A reasonable comparative evaluation of the five nom1nated sltes
(Chapter 7). L SO

1.2 SUMMARY OF THE OVERALL DECISION PROCESS

In seeking sites for geologic repositories, the DOE divides the siting
process into th~ following phases: (1) screening, (2) site nomination, (3)
recommendation for characterization, (4) site characterization, and (5) site
selection (recommendation for development as a repository). This section
describes the site--screening process that led to the identification of the
nine potentially acceptable sites listed in Section 1.1 and reviews how the
process of site nomination is implemented under the guidelines.

ity

1.2.1 SITE SCREENING ‘ ;b o ced S T

During the screening phase, the DOE identified potentially .acceptable
sites for characterization. This phase provided the information needed for
judging which of these sites appear to justify the investment in character-
i~ing them. Screening consisted of as many as four stages, each of which pror:
gressively narrowed the study area to a smaller land unit. These stages were:
as follows: SN '

1. A survey of the nation or geologic provinces, narrowing to regionms.
Regions are generally smaller than provinces but may extend across
several States and occupy tens of thousands of square miles.
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2. A survey of the regions, narrowing to areas, which encompass hundreds
to thousands ¢! square miles. For the salt sites, the regional
screening pharz was completed with the publicatior of regional char-
acterization r:ports and area-recommendation reporis.

3. A survey of the areas, narrowing to locations, wh.:h usually occupy
an area smallcr than 100 square miles. This phas. was completed with
the publicativon of location-recommendation report - for bedded salt
and site-recommendation reports for salt domes.

4. A survey of the locations, narrowing to sites, w:ich are generally
smaller than 1(C square miles. Although a locatits may be large
enough to contain several sites, only one or two p:tential sites were
usually identified in a particular location.

During each screening phase for the first repository, the DOE identified
as many potentially suitable land units as were judged to ke necessary for an
adequate sample to be studied in the next stage. Only the regions and areas
believed most likely to contain suitable sites received further study; the
evaluation of all others was deferred.

Data for comparing regions, areas, and locations became increasingly
detailed as progressively smaller land units were considered and as explora-
tion and testing were concentrated on them. National, province, and regional
surveys were based on the distribution of potential host rocks, published geo-
logic maps, maps of earthquake epicenters, land use, available geohydrologic
information, and other information available in the open literature. Area-and
location surveys required more-thorough investigations that included field
exploration and testing and drilling of boreholes to investigate subsurface
hydrologic, stratigraphic, and geochemical conditions. The field studies were
supported by laboratory studies that focused on the waste-isolaticn and the
engineering characteristics of potential host rocks.,

The bedded-salt sites under consideration in Texas and Utah were identi-
fied by the general siting process described above, beginning with national
surveys and progressively narrowing to areas, locations, and sites. The salt
domes were selected by a screening that began with more than 200 domes and:
ended with the one site being nominated.

The screening of sites in basalt and tuff was initiated when the DOE
began to search for suitable repository sitzs on some Federal lands where
radiocactive materials were already present. This approach was recommended by
the Comptroller General of the United States (1979). Although land use was
the beginning basis for this screening of Federal lands, the subsaquent pro-
gression to smaller land units was based primarily on evaluations of geologic
and hydrologic suitability. These studies began at roughly the area stage.

The technical factors used to guide site-screening decisions have evelved
throughout the screening phase and are specified in a number of .published
documents (Brunton and McClain, 19773 DOE, 1981; DOE, 1982aj International
Atomic Energy Agency, 1977; NAS-NRC, 1978).



The sections that follow summarize how the DOE applied the scresning pro-
cess outlined above to determine that the nine sites listed in Section 1,1.2
are potentially accept..ble. Section 2.2 of each environmental assessment dis-
cusses in detail how tune DOE conducted site screening in specific geohydro-
logic settings.

1.2.2 SALT SITES

Salt was first recommended as a potentially suitabl *host rock for waste
disposal in 1955, after the National Academy of Sciences-N'tional Research
Council evaluated many options (NAS-NRC, 1957). This recormendation was re-
affirmed in subsequent reports (e.g., American Physical Society, 1978;
NAS-NRC, 1970). Rock salt, which occurs both as bedded s»lt and in salt
domes, has several characteristics that are favorable for isolating radio-
active waste, including the following:

® Salt deposits that are sufficiently deep, thick, und laterally exten-
sive to accommodate a repository are widespread im the United States
and generally occur in areas of low seismic and tectonic activity.

© Many salt bodies have remained undisturbed and water~free in compar-
ison with other rock types for tens of millions to several hundred
million years.

® DBecause of its high thermal conductivity, rock salt ican dissipate the -
heat that will be generated by the waste.

® Since salt is relatively p]astic'under high confining pressure; the
fractures that might develop at repository depth would ‘ténd to close
and seal themselves.

® Rock salt undergoes only minor, highly local change as -a result of
exposure to radiation. i

® Rock salt has excellent radiation-shielding properties.

Screening of the entire United States in the 1960s and 1970s resulted in
the identification of four large regions that are underlain by rock salt of
sufficient depth and thickness to accommodate a repository and represent
diverse geohydrologic conditions (Johnson and Gonzales, 1978; Pierce and Rich,
1962), The four regions are as follows: : :

¢ Bedded salt in the Michigan and the Appalachian Basina ‘of southern
Michigan, northeastern Ohio, western Pennsylvania, and western New
York (also called ‘the "Salina Basin")

® Salt domes within a large part of the Gulf Coastal Plain in Texas,
Louisiana, and Mississippi.

® Bedded salt in the Permian Basin of southwestern Kansas, western
Oklahoma, northwestern Texas. and eastern New MEXiCOA
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® Bedded salt in the Paradox Basin of southeastern Utah, southwestern
Colorado, and worthernmost Arizona and New Mexico.

This screening at the national level served as the basis for all. sub-
sequent screening in snlt. After proceeding to the area phase, further
screening of the salt deposits in the Salina Basin was def«rred. The studies
of the Salina region iere not specific enough to judge thst any part of the
region was suitable c¢r unsuitable for a repository. They Jdid reveal a number
of unfavorable characteristics, including a high populati n density associated
with the concentration of urban areas in Ohio, Michigan. ¢nd New York, and an
abundance of natural resources, especially oil and gas. 1l view of these
unfavorable conditions, the DOE decided to concentrate i:r siting efforts on
more-~promising ar~as in the remaining three regions,

1.2.2.1 Salt domes in ﬁhe Gulf Coast salt-dome basin of Mississippi and .
Louisiana

There are more than 500 salt domes in the Gulf Coasi salt-dome basin of
Texas, Louisiana, Mississippi, and areas offshore from thesg States. An
initial screening by the U.S. Geological Survey (USGS) eliminated all offshore
domes because siting a repository under water would probably not be feasible.
The application of this criterion eliminated about half the domes.. The USGS
also evaluated the remaining 263 onshore domes (i.e., Gulf interior domes) and
identified 36 as being potentially acceptable for a repository and another 89
that were worthy of further study (Anderson et al., 1973). The USGS screening
factors were the depth to the top. of the dome and present use for gas storage
or hydrocarbon production.

The DOE and its predecessor agencies conducted regional studies of -the
125 salt domes identified in the above-mentioned USGS screening. _All but 11
of the domes were eliminated on the basis of three screening factors: the
depth to the salt, the lateral extent of the dome, and the history of use for
hydrocarbon production or storage (NUS, 1978; BNI and LETCO, 1980), Three of
the 11 domes were removed from consideration on the basis of environmental
factors, and a fourth was eliminated because solution mining at the site con-
tributed to a collapse of strata above the dome.

: .

Area-characterization studies were completed for the seven remaining dome .
areas: Rayburn's and Vacherie Domes in Louisianaj; Cypress Creek, Lampton, and
Richton Domes in Mississippi; and Keechi and Oakwood Domes in Texas. . The geo-
logic field work conducted during this phase included the drilling of deep
holes to collect rock cores from the aquifers and other strata for laboratory
tests of their properties and geophysical surveys to determine the underlying
rock structures. The area environmental studies included descriptions of the
plant and animal communities, surface- and ground-water systems, weather
conditions, land use, and socioeconomic characteristics. An evaluation of the
seven domes on the basis of the DOE's criteria is summarized in. a location-
recommendation report (ONWI, 1982a).

In the area-characterization studies, the DOE chose a repository-size
criterion that was more restrictive than the one used in earlier screening
studies. The application of this stricter criterion resulted in the
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elimination of Keechi, Rayburn's, and Lampton Domes (ONWI, 1982a), Thus, at
the conclusion of aree characterization, the Vacherie, Richton, Ogkwood, and
Cypress Creek Domes were recommended for further screening, After further
review of the area-claracterization studies, the Oakwoed Linine was deferred
from further considerncion because of uncertainties raisec by large-scale
petroleum exploration.

In accordance wizh the Act, the DOE identified the C:jress Creek, .
Richton, and Vacherie Domes as potentially acceptable sites in February 1983,

1.2.2.2 Bedded sult in Davis Canyon and Lavender Canyon, Utah

Screening criteria were developed for the bedded salt of the Paradox
Basin, which the USGS had identified as worthy of further investigation
(Pierce and Rich, 1962). The following factors were applied to identify areas
for further investigation (Brunton and McClain, 19773 DOE, 1981): the depth
to, and the thickneas of, the salt; mapped faultsj surfacc igneous features;
hydrocarbon and mineral resources, and potential for flooding. The results of
this screening were integrated with the results of screening for environmental
and socioeconomic factors, such as proximity to urban areas and the presence
of certain dedicated lands. On the basis of this regional screening, four
areas were recommended for further study: Gibson Dome, Elk Ridge, Lisbon
Valley, and Salt Valley (ONWI, 1982bh). :

The primary screening factors used to identify potentially favorable
locations within the four areas were the depth to the salt, the thickness of
the salt, proximity to faults and boreholes, and proximity to the boundaries
of dedicated lands (ONWI, 1982c). These screening factors were judged to. have
the strongest potential for differentiating possible locations within the
areas. o

Salt Valley and Lisbon Valley were both deferred from further considera-
tion because all areas with an adequate depth to the salt were too close to
zones of mapped surface faults and, for Lisbon Valley, existing boreholes
(ONWI, 1982¢). ,

Application of the screening factors to the Gibson Dome showed a location
of 57 square miles near the center of the area that contained appropriately
deep and thick salt deposits and was sufficiently far from faults or exploxa=-
tion boreholes that would make a site unsuitable. It was also outside the
boundaries of the Canyonlands National Park. This location is referred to as
the Gibson Dome location (ONWI, 1982¢). The Elk Ridge area contained one
location of about 6 square miles and sevaeral smaller ones, each less .than
3 square miles, that met the screening criteria (ONWI, 1982c). The smaller
locations were not large enough for a repository and were therefore excluyded
from further consideration. The larger location was designated the Elk Ridge
location. : ;

Further comparisons of the Gibson Dome and the Elk Ridge locations .were
made on the basis of more-rafined .criteria that discriminated between them.
The thickness of the salt, the thickness of the shale above and. below the
depth of a repository, and the minimum distance to salt-dissolution features
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were considered the moct critical geologic discriminators. Archaeological
sensitivity and site a:cessibility were considered the most important environ-
mental factors. The G.bson Dome location was judged to be superior to the Elk
Ridge location in terms of the number and relative importarice of favorable
factors and was select«d as the preferred location (ONWI, i982c).

During 1982 and '983 three sites were identified for “ucther evaluation:
Davis Canyon, Lavender Canyon, and Harts Draw. 8ince muc. of the intrinsic
value of southeastern Utah stems from its scenic and aest. :tic character, a
study of visual aesthetics was performed to evaluate the turee sites (Bechtel
Group Inc., 1984). Harts Draw was found to be less desi. able than the sites
at Davis Canyon and Lavender Canyon because it affords a j eater total area of
visibility, and i. was eliminated from further considerati.n. In February
1983, Davis Canyon and Lavender Canyon were identified as potentially accept-~
able sites,

1.2.2.3 Bedded salt in Deaf Smith and Swisher Counties, Texas -

In 1976, the Permian bedded-salt deposits in the Texas Panhandle and
western Oklahoma that had been identified in the USGS study (Pierce and Rich,
1962) were evaluated to determine whether they contained any areas that might
be suitable for waste disposal (Johmson, 1976). This screening focused on
five subbasins: the Anadarko, Palo Duro, Dalhart, Midland, and Delaware -
Basing. The primary screening factors were the depth to, and the thickness
of, the salt; faults; seismic activity; salt dissolutionj boreholes} under-
ground minesj proximity to aquifers; mineral resources; and conflicting land
uses, such as historical sites and State or national parks. All the subbasins
contain salt beds of adequate thickness and depth. The Palo Duro and the
Dalhart Basins had far less potential for oil and gas production and have not
been penetrated as extensively by drilling as have the Anadarko, the Delaware,
and the Midland Baeins. Therefore, the Palo Duro and the Dalhart Basins were
judged to be preferable to the other three and were recommended for further
studies at the area stage (ONWI, 1983a). These two basins rated higher on six
major screening factors: the depth to, and the thickness of, the salt}
seismicity; known o0il and gas deposits; the presence of exploratory boreholess
and evidence of salt dissolution.

More~detailed geologic and environmental studies of the Palo Duro and the
Dalhart Basins began in 1977, and screening criteria were developed to défine
locations with favorable characteristics. The screening criteria that ‘were
most useful in the area-to-location screening were the following: salt depth
and thickness, salt purity, existing and abandoned oil and gas fields,
flooding, urban areas, and conflicting land use. Six locations in parts of °
Deaf Smith, Swisher, Oldham, Briscce, Armstrong, Randall, and Potter Counties,
Texas, met the screening criteria. A second set of criteria was then applied
to further differentiate among the six locations: distance from the margins
of the Southern High Plains, distance from known oil and gas fields, more than
one potential repository horizon, depth of salt, number of boreholes that
penetrate the repository horizon, a large geographic area, low population
densities, and potential land-use conflicts. After applying these criteria,
the DOE decided to focus on the two locations that had the greatest likelihood
of containing a suitable site, one in northeastern Deaf Smith and southeastern

1-10

R: 0 O 0O N NN 7oA



Oldham Counties and one¢ in northcentral Swisher County. All other locations
in the Palo Duro Basin were deferred from further consideration (ONWI, 1983b).
In February 1983, the ;OE identified parts of Deaf Smith County and Swisher
County as potentially acceptable sites and subsequently narrowed the size of
the two sites to be ceuasidered at each location to 9 squar: miles each (DOE,
1984b).

1.2.3 SITES IN BASALT AND TUFF

In 1977, the waste-disposal program was expanded to c¢ sider previous
land use as an alt:rnative basis for site screening. This approach considered
the advantages of locating a repository on land already withdrawn from public
use and commifted to long-term institutiomal control. Because both the
Hanford Site and the Nevada Test Site are dedicated to nuclear operations,
will remain under Federal control, have a large geographic area, and are
underlain by potentially suitable rocks, screening was initiated in these two
areas.

1.2.3.1 Basalt lava in the Pasco Basin, Washington

The DOE and its predecessor sgencies have investigated the geologic and
hydrologic characteristics of the Pasco Basin since 1977 as a continuation of
studies conducted for the defense-waste management program between 1968 and
1972 {Gephart et al., 1979; Myers et al., 1979). These investigations showed
that the thick formations of basalt lava in the Pasco Basin are suitable for
further investigation as a geologic repository for the following reasons:

® Several basalt flows more than 2,100 feet below ground apparently are
thick enough to accommodate a geologic repository.

® The slow rate of deformation of the basalt ensures the long-term
integrity of a repository at the Hanford Site. Also, there are syn-
clines where structural deformation appears to be limited.

¢ The potential for renewed volcanism at the Hanford Site is very low.

® The likely geochemical reactions between the basalt rock, ground
water, and the materials that would be emplaced in the repository are
favorable for long-term isolation.

The Pasco Basin was selected for screening to provide a broader scope
from which to study processes that might affect the Hanford Site and to deter-
mine whether there are any obviously superior sites in the natural region out-
side, but contiguous with, the Hanford Site (Woodward-Clyde Consultants, 1980,
1981). .

The first step in screening was to define the candidate area. The
screening factors used at this step were fault rupture, ground motion, air-
craft traffic, ground transportation, operational radiation releases from
nuclear facilities at the Hanford Site, protected ecclogical areas, culturally
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important areas, and site-preparation costs. The DOE identified a candidate
area that included the zentral part of the Hanford Site and adjacent land east
of the Hanford Site.

The second step ir. the screening was to define subarei.. (locations). The
siting factors used in this step were fault rupture, flood.ng, ground failure,
erosion, the presence «f hazardous facilities, induced sei.amicity, and site-
preparation costs. This step eliminated approximately hal. the candidate area.

Locations were identified through an evaluation of th¢ sgubareas inside
and adjacent to the Hanford Site. On the basis of land vie, hydrologic condi-
tions, and bedrock dip, subareas outside the Hanford Site t :re eliminated
because they were ot obviously superior to those found witiin the Hanford
Site. After these subareas were eliminated, five locations were identified
within the boundaries of the Hanford Site.

The identification of sites from among the five locations was based on an
evaluation of 23 parameters (Rockwell, 1980). Nine sites were identified,
seven of which lay in the Cold Creek Syncline, a major structural feature of
the Pasco Basin. This syncline was selected partly because it is not as
extensively deformed as nearby anticlines and is underlain by relatively hori-
zontal strata. Since the other two sites were not technically superior to
those in the Cold Creek Syncline and were closer to the Columbia River, they
were removed from further study. To avoid some geophysical anomalies of
uncertain source, the DOE identified three other sites that were largely
superimposed on parts of the original seven sites in the Cold Creek Syncline
(Myers and Price, 1981), S

Since preliminary evaluations of the resulting 10 partly overlapping
sites indicated that the sites were too closely matched to be differentiated
by routine ranking, a formal decision analysis was used to identify the best
site (Rockwell, 1980). Decision criteria were derived from the following
siting factors: bedrock. fractures and faults, lineaments, potential earth-
quake sources, ground-water travel times, contaminated soil, surface facil-
ities, the thickness of the proposed repository horizon, the repetitive occur-
rence of columnar-jointed zones (colonnades) within the host flow, natural
vegetative communities, unique microhabitats, and special species. The
analysis showed that two approximately coincident sites rated higher than the
other sites. These two sites were combined and designated the reference
repository location. In February 1983, the DOE identified the reference
repository location as a potentially: acceptable site.

1.2.3.2 Tuff in the southern Great Basin, Nevada

At the same time that:the DOE was considering the Nevada Test Site (NTS)
on the basis of land use,  the USGS:proposed that the NTS be considered for . ..
investigation as a potential repository site for a variety of geotechnical
reasons, includlng the following:

® Southern Nevada ia characterized by closed hydrologic basins.- This

means that ground.water' does;not discharge into rivers that flow,to
major bodies of surface water.
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e Long flow pails occur between potential repository locations and
ground-water cischarge points.

¢ Many of the rucks occurring at the NTS have geochemical characteris-
tics that are favorable for waste igolation.

® The NTS is lc¢:ated in an arid region (6 to 8 inch»¢ per year of rain-
fall)., With the very low rate of recharge, the iount of moving
ground water is also low, especially in the unsaft rated zone,

In 1977, the geologic medium of prime interest at ‘ac NTS was argillite
(a clay-rich rock), wh.ch occurs under the Syncline Ridg2 near the center of
the NTS. Geologi: investigations and exploratory drilling there revealed a
complex geologic structure in the center of the area being considered (Hoover
and Morrison, 1980; Ponce and Hanna, 1982). It was decided in July 1978 that
the geologic complexity of the area would make characterization prohibitively
difficult, and further evaluation was deferred.

A question then arose concerning the compatibility of a repository with
the testing of nuclear weapons~-the primary purpose of the NTS, A task group
formed to evaluate this issue determined in 1978 that a repository located in
other than the southwest portion of the NTS might be incompatible with weapons
testing. At that time the program refocused on the area in and around the
southwestern corner of the NTS, which subsequently was named the Nevada
Research and Development Area (NRDA). The entire area then being evaluated
included land controlled by the Bureau of Land Management west .and south of
the NRDA and a portion of the Nellis Air Force Range west of the NRDA,

In August 1978, a preliminary list of potential sites in and near the
southwestern part of the NTS was compiled. The areas initially considered
were Calico Hills, Skull Mountain, Wahmonie, Yucca Mountain, and Jackass
Flats. Of these five areas, Calico Hills, Wahmonie; and Yucca Mountain were
considered the most attractive locations for preliminary borings and geo—~
physical testing.

The Calico Hills location was known to contain argillite. It was of
particular interest because a geophysical survey showed that granite might
occur approximately 1,600 feet below the surface. The first exploratory hole
for waste-disposal studies at the NRDA was drilled in 1978 in an attempt to
confirm the existence of granite beneath the Calico Hills. Drilling was dis-
continued at a depth of 3,000 feet without reaching granite (Maldonado et al.,
1979). Additional geophysical surveys indicated that the argillite at Calico
Hills is probably very complex structurally, comparable with that at Syncline
Ridge (Hoover et al., 1982). Because the granite was considered too deep and
the argillite appeared too complex, further consideration of the Calico Hills
was suspended in the spring of 1979.

Concurrent with drilling at Calico Hills, geophysical studies and surface
mapping conducted at Wahmonie indicated that the granite there may not be
large enough for a repository, that any granite within reasonable depths may
contain deposits of precious metals, and that faults in the rock may allow
vertical movement of ground water (Hoover et al., 1982; Smith et al., 1981).
For these reasons, Wahmonie was eliminated from consideration in the spring of
1979.
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Surface mapping of Yucca Mountain indicated the existence of a generally
undisturbed structural block large enough for a repository. In 1978, the
first exploratory hols drilled at Yucca Mountain confirmed the presence of
thick, highly sorptivs units of tuff (Spengler et al., 19?9) Because tuff
previously had not been considered as a potential host roc: for a repository,
a presentation was made to the National Academy of Sulence» {NAS) Committee
for Radiocactive Wante Management in September 1978 to soli:itc its views on the
potential advantages ..nd disadvantages of tuff as a repos .ory host rock. The
NAS committee supported the concept of investigating tuff .s a potential host
rock, and the USGS subsequently pointed out the consider.b.e advantages of
locating a repository in the unsaturated zone. After comparing the results of
preliminary exploration at Calico Hills, Wahmonie, and Yuc. 1 Mountain, the
USGS recommended that attention be focused on Yucca Mountailu. A technical
peer-review group supported the DOE's decision to concentrate exploration
efforts on the tuffs of Yucca Mountain (DOE, 1980b).

Because the foregoing process of selecting Yucca Mountain for early
exploration was not highly structured, a more thorough, formal analysis was
begun in 1980 to evaluate whether Yucca Mountain was indeed appropriate for
further exploration. This analysis was conducted in a manner compatible with
the area--to-location phase of site screening described in the national siting
plan (DOE, 1982b), which was used by the DOE before the passage of the Act and
the formulation of the guidelines. Details of the formal analysis are pre-
sented by Sinnock and Fernandez (1984). In brief, this formal decision analy-
sis evaluated 15 potential locations and concluded that Yucca Mountain was
indeed the preferred location. B8Several potentially suitable horizons were
identified in the saturated and unsaturated Zones. Therefore, the DOE identi-
fied Yucca Mountain as a potentially acceptable site in February 1983.

1.2.4 NOMINATION OF SITES FOR CHARACTERIZATION

The guidelines, in 10 CFR Part 960 3, require the DOE to implement the
following six-part decision process in selecting sites for nomination from
among the potentially acceptable sites'

1. Evaluate tte potentially acceptable sites in terms of the
disqualifying conditiona specified in the guidelines.

AN
. .

Group all potentially acceptable sites according to their
geohydrologic settings. :

3. For those geohydro1og1c settings that contain more than one
potentially acceptable site, select the preferred site on the basis
of a comparative evaluation of all potentially acceptable sites in
that setting.

4, Evaluate each preﬁerred gsite within a geohydrologic setting and
decide whether such'site is suitable for the development of a

repository under’ the qualifyihg condition of each appllcable '
guldellne. """ C
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5. Evaluate eacrh preferred site within a geohydrologic setting and decide
vhether such site is suitable for site characterization under the
qualifying coadition of each applicable guideline.

6. Perform a reasonable comparative evaluation under each guideline of
the sites preouosed for nomination.

Section 1.3 presvats the results of evaluating the ni«e potentially
acceptable sites agaimst the disqualifying conditions of i"e guidelines
(step 1) and explains how the DOE has grouped the potentia.ly acceptable sites
by geohydrologic setting (step 2), Chapter 2 begins witl « detailed descrip- -
tion of the geohydrologic setting in which the Yucca Moun:urin site is located
and provides the basis tor the identification of a preferrei site in that
geohydrologic sett'ng (step 3). Chapter 6 evaluates the site against the
guidelines and presents the findings required in steps ‘4 and 5. Chapter 7
provides a comparative evaluation of the sites proposed for nomination
(step 6).

Having issued the final EAs, the DOE will formally noninate five sites as
suitable for characterization., The Secretary of Energy wi.l then recommend '
three of these sites to the President as candidate sites for characteriza-
tion. The Secretary's recommendation is presented and documented in a
separate report that is being issued simultaneously with\rhis environmental
assessment, C

1.2.5 FINAL STEPS IN THE SITE~SELECTION PROCESS

After the President approves the sites recommended by the Secretary,
characterization activities will begin at those sites. If site characteriza-
tion reveals new information that shows that a site is unsuitable: ' for develop-
ment as a repository under the guidelines, the DOE will eliminate that site
from further consideration and take steps to reclaim the site and to mitigate
any significant adverse impacts caused by site characterization. In ‘the event
that a site is eliminated from further consideration during characterization, '
the DOE does not expect to substitute another site for characterization.‘

After characterization is completed, the DOE will again evaluate each
site against the guidelines, prepare an environmental impact statement, and
recommend one site to the President for the first repository. The President
may then recommend the site to the Congress. At this point, the Governor or
the legislature of the host State may submit to the Congress a notice of dis-
approval that can be overridden only by a joint resolution of both Houses of
the Congress. If the notice of disapproval is not overridden, the President
must submit another repository-site recommendation within 12 months. If no
notice of disapproval is submitted, or if the notice of disapproval is over-
ridden, then, as prescribed by the Act, the site designation is effective, and
the DOE will proceed to file an application with the NRC to obtain a construc~-
tion authorization for a repository at that site.
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1.3 EVALUATION OF POTENTIALLY ACCEPTABLE SITES AGAINST THE
DISVUALIFYING CONDITIONS OF THE GUIDELINES
AN'» GROUPING INTO GEOHYDROLOGIC SETTINGS

1.3,1 EVALUATION AGAINWST THE DISQUALIFYING CONDITIONS

Having evaluated the nine potentially acceptable site: ugainst the dis-
qualifying conditions in the gujdelines, the DOE has foun: no evidence to sup-
port a finding that any site is disqualified. Details of .his analysis are
contained in Chapter 6, and a summary of findings for ea h disqualifying con-
dition is presented in Section 2.3.

1.3.2 DIVERSITY OF GEOHYDROLOGIC SETTINGS AND TYPES OF HU3T ROCK

Sections 960.3~1-~1 and 960.3-1-2 specify that, to the extent practicable,
sites recommended as candidate sites for characterization shall be located in
different geohydrologic settings and shall have different types of host rock.
This guideline-mandated diversity of geohydrologic settings and host rocks is
consistent with similar requirements in the NRC's rule governing the disposal
of high-level radioactive waste, 10 CFR Part 60. This requirement will protect
against the possibility that future investigations might reveal a generic
deficiency in a given rock type or within a given regional geohydrologic
environment. Such deficiencies might lead to the disqualification of sites in
that setting or rock type. If one rock type or geohydrologic environment were
viewed initially as the most favorable for a repository, site nomination and
recommendation might be dominated by sites in that type of host rock or geohy-
drologic environment. If later analyses revealed an unacceptable weakness in
either the host rock or in the characteristics of the geohydrologic environ-
ment, all candidate sites might have to be eliminated. This could leave the
program with no viable alternatives available without lengthy additional site
exploration, .

The guidelines (Part 960.2) define "geohydrologic setting" as a system of
geohydrologic units located within a geologic setting. They further define
""geohydrologic uait" as an aquifer, a confining unit, or a combination. of
aquifers and confining units comprising a framework for a reasonably distinct
geohydrologic system, A "geologic setting" encompasses thousands to hundreds
of thousands of square miles and is characterized by general similarities in
physiography, stratigraphy, structural style, and ground~water flow.

For the intents and purposes of the analyses contained in this environ-
mental assessment, the term 'geohydrologic setting' refers to a large and
relatively distinct msajor geohydrologic province of the United States. commonly
identified and accepted in the technical literature. Such a geohydrologic
province has recognizable distinct geologic, hydrologic, and geochemical
characteristics and boundaries that distinguish it from other. geohydrologlc
settings. - .
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1.3.2.1 Geohydrologic classification system

In a report entitled "Ground-Water Regions of the United States' (Heath,
1984), the USGS presents a classification that meets these broad criteria for
geohydrologic settings. The USGS applied a logical set o. criteria for clas-
sifying major geohydrclogic regions that considers aquife:s and confining
units of the system, the nature of water-bearing openings in the rocks, the
composition of the roucks, the water-transmitting and watc¢.-storage properties
of the rocks, and the nature and lccation of recharge anu discharge areas.
These characteristics are also those that relate to repcs.tory performance
(ground-water pathways. rates of radionuclide migration, #nd other factors
important to waste isolation). Therefore, these general « siteria appear suit-
able for application to this guideline requirement.

The USG5 classification resulted in the delineation of 12 geohydrolecgic
regions in the contiguous United States (asee Figure 1-2). The specific
rationale for the delineation and characteristics of each region is described
in Heath's report.

It is within the framework of the USGS geohydrologic regions that the
nine potentially acceptable sites were examined and claggified as to their
particular geohydrologic setting. In addition to the general criteria used in
the USGS classification, other considerations were used to further subdivide
the regions on the basis of tectonic activity, geologic struéture, subbasins
within the regions, and so on. Adcordingly, the DOE has determined that the
nine sites fall within the following five distinct geohydrologic settings (the
name of the region within which each geohydtologic setting 13 located is
listed in parentheses):

Geohydrologic setting ) - Sitgﬂﬂ“'
Columbia Plateau .- ; . Referende;fepceitory location as
(Columbia Lava Plateau) - ~ = .~ on the Hanford Site, Washington
Great Basin R ‘fj_E' = _4¥gcca7ﬁodntaic:"'evada
(Alluvial Basins) T E SEAL .

ST ;e L 5 ,‘;"J
. Permian Basin S Deaf Smith Ghunty’ f‘nd Swisher
(High Plains) ) B SR County. Texﬁsuﬂ
Paradox Basin ’ Lavender and DaV1b Canyons,
(Colorado Plateau and Wyoming Basin) .Utah . ¢
; . , \)&.’ ’
Gulf Coastal Plain Vacherie'Dbme,%Lgdisiﬁna; Cypress
(Atlantic and Gulf Coastal Plain) © Creek Dome and Rithton .Dome,
: M1351§sipp1

The fundamental distinguishing characteristics associated witp ‘these set-
tings as they relate to waste isolation are briefly desqribcd below., More-
specific details on the characteristics of each of the: geohydﬁologic aettings
are presented in Section 2.1.
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1.3.2,2 Distinct differences among the geohydrologic settings and host rocks

The major distinguishing differences among the five geohydrologic set-
tings of the nine po-ential repository sites are summarized below.

The Hanford and the Yucca Mountain sites are clear!» unique in terms of
the host rock, the grologic conditions, and the hydrologic conditions that
make up the geohydrilogic setting. The Hanford site is ‘occated within the
Pasco Basin, which is a subunit of the Columbia Lava Pl. :¢#au geohydrologic
setting as defined by Heath (1984). It is underlain bv - thick, extensive
sequence of rocks composed entirely of basalt lava flo s in the lower part and
of increasing amounts of interbedded, sedimentary deposi s in the upper part.
Aquifers generally are in the upper parts of the lava fluws and in the inter-
beds. Ground-waier drainage is to the Columbia River or its tributaries.

The Yucca Mountain site is located in a region composed of alternating
sequences of block~faulted mountains and alluvium-filled valleys of the
Alluvial Basins geohydrologic setting as defined by Heath. Yucca Mountain is
a typical small fault-block mountain in this region and is composed entirely
of volcanic rocks called tuff. The site is in the relatively dry unsaturated
welded zone, well above the water table. This is a unique geohydrologic set-
ting in comparison with the other sites, which are all situated well below the
water table. The Hanford site will rely principally on the interaction of the
low permeability of the dense basalts, the ion-exchange characteristics of the
host rock, and a long ground-water flow path for waste igolation. The Yucca
Mountain site will rely principally on a very low water flux through unsatu-
rated rocks in a very arid environment, the natural ability of this type of
system to exclude flowing or standing water from the repository, and the sorp-
tion characteristics of the minerals in the host rock.

The salt-gite settings are also clearly distinguishable from one another,
but perhaps not as obviously as the nonsalt sites. The first distinction
among the salt settings is between salt domes and bedded salt. Although both
bedded and dome salt have salt as a host rock, the properties of the two types
of salt are quite different, and the hydrologic framework of salt differs
greatly from setting to setting. Bedded salt occurs as sedimentary layers of
salt and impurities and is typically bounded by aquifers above or below the
salt units or both. The domes are anomalous piercements of the thick uncon-
solidated to semiconsolidated sedimentary clays, silts, and sands that make up
the Atlantic and Guif Coastal Plain, as defined by Heath. The domes are sur-
rounded by aquifers at different depths. Thus, the geohydrologic conditions
around the domes are distinctly different from that of bedded salt.

The pathways and mechanisms by which radionuclides might reach the
accessible environment are also quite different for bedded and dome salt
because of their fundamental structural and stratigraphic differences. Salt
domes originated from thick beds of deeply buried salt. When sediments were
deposited on these salt beds, the salt was forced upward, forming a dome.
Some domes have risen ag much as 20,000 feet above their source rock. The
salt rock was intensely deformed and "kneaded" during this intrusive rise of
the salt dome; as a result, nearly all of the water originally contained in
the salt was squeezed out. Consequently, salt domes contain less water than
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salt beds. In addition, and largely because of the different mode of forma-
tion, the following dii{ferences between the two types of salt rock are
noteworthy:

® Because of its higher water content, bedded salt lLus a 1ower strength
than dome salt.

® At equal depths of burial, bedded salt has lower waothermal tempara-~
tures than dome salt,

® Bedded salt terds to have a faster rate of creep than dome salt.
® Bedded sasit has a more variable chemical composition than dome salt.
® Bedded salt has a simpler structure than salt domes.

Some of the most important of the above factors affecting waste isolation.
at salt sites are related to the chemical composition and configuration of the
host rock. All salt sites would.rely primarily on the exiremely low perme-
ability of the salt and the isolation of the host rock from surrounding
aquifers. One significant potential failure mechanism in salt that can affect
ground-water flow is the dissolution of the salt in ground water, whether
initiated by inadvertent human intrusion or by unexpected salt deformation.
The nature and the relative importance of this failure mechanism differ gig~
nificantly for bedded and dome salt in their respective geohydrologic environ-
ments., For example, at salt domes dissolution would occur along the flanks by
ground water from surrounding sedimentary strata.. The dissolution of bedded
salt could be induced by laterally migrating dissolution fronts, inter-salt-
bed sedimentary aquifers, or vectically circulating water in fault zones.

Finally, although the Paradox Basin in Utah and the Permian Basin in
Texas are both bedded-salt settings, they also have significant differences
that warrant considering them as separate and distinct geohydrologic set-
tinge. The bedded-salt sites in Swisher and Deaf Smith counties, Texas, are
located in the High Plains setting as defined by the USGS. This setting is
underlain by relatively horizontal bedded sedimentary rocks that are capped by
the partially unconsolidated sands, gravels, and clays of the Ogallala Forma-
tion. The geohydrologic system is dominated by the High Plains aquifer (the
Ogallala Formation). Other aquifers, such as the Triassic Dockum Group, occur .
in deeper strata, but they produce poor-quality water .in comparlaon with the
Ogallala. , o

The bedded-salt sites of Davis Canyon and Lavender Canyon, Utah, on the
other hand, are located in the Paradox Basin, which is a subsetting of the
Colorado Plateau and the Wyoming Basin and is characterized by, a broad
uplifted plateau consisting of gently folded sedimentary sandstones, shales,
carbonates, and evaporites. The stratigraphic sequence includes a few low-
yield aquifers that generally contain poor-quality water. Ground water:
generally flows toward drainage systems in deeply dissected canyons, of the
region. Other specific differences: include the following: :

® Because of overburden and tectonic stresses, the Paradox Basinfsalt
deposits have been structurally deformed into anticlines and synclines
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(thickened and thinned zones) much more than the Permian Bagin salt

deposits have.

¢ The recharge and discharge patterns of ground water in the two set-

tings are expucted to be significantly different.

® The age, str:tigraphic sequence, depositional higtcry, and mineral

composition of the salts and interbeds in two se-

® The elevation, climate, and physiography of the tso settings are sig-

nificantly different.

¢ The ground-water system of the Paradox Basin sitesu is dominated by a
deep aquifer well below the repository level, of low yield and poor
water quality, whereas the ground-water system a: the Permian Basin
sites is dominated by a shallow productive aquifer well above the

repository level.

On the basis of the criteria and known site charactaristics presented
above, the DOE has concluded that the nine potentially acceptable sites lie
within five distinctly different geohydrologic settings, as indicated, and
four distinctly different types of host rock (basalt, welded tuff, bedded

salt, and dome salt).
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“Chapter 2

DECISION PROCESS W% WHICH THE SITE PROPOSED FOR NOMINATION WAS IDENTLFIED

The Nevada Nuc!:ar Waste Storage Investigations (}M4WSI) Project was
established in 1977 by the U.S. Department of Hanergy Yavada Operations
Office. The Project objectlive was to evaluate the Neva. 3 Test Slte (NTS) and
contiguous area for sites suitable for a geologic repos tory. The NTS and
its vicinity seemed attractive as a potential reposito y location because the
land was withdrawn from public use, the NTS itself was vader DOE control, and
some of the lan! was contaminated with radioactive matcrrial from nuclear-
weapons tests. However, the NNWSI Project search for sites was directed
mainly at suitable geologlc conditigns, rather than land-use ~onsiderations.

Nine types of rock and 15 alternative locations at or near the NTS were
identified as potentlally suitable for a repository. BEventually, a rigorous
program of screening led to the selection of welded tuff and Yucca Mountain
in southern Nye County, Nevada, as the preferred host rock and the preferred f i
location, respectively. Among the attractive attributes of Yucca Mountain 1 i
were its location in a closed hydrologic basin, the ability to locate the
repository in the unsaturated zone (above the water table), and the excellen:
thermomechanlcal and radionuclide~retardation properties of tuff,

After Yucca Mountaln was selected as the preferred location from the
15 alternative locatlons at or near the NTS, geologic and hydrologic investi-
gations were contlnued to collect {nformation about the suitability of the * ;
site. The data thus collected indicated that the site was indeed suitable i
for both long-term and near~term Jobjectives, and in TFebruary 1983, in ' y
accordance with the Nuclear Waste Policy Act of 1982 (NWPA, '1983), the DOE f g
notified the State of Nevada that the site was potentially acceptable for a; i
repository (Hodel, 1983). | ‘ : oy

The Yucca Mountaln site is about 160 kilometers (100 miles) by road
northwest of Las Vegas, Nevada (Figure 2-1). The site is on Federal land ;
under the control of three separate agencles. Most of the site is part of . ¢
the Nellis Air Force Range (NAFR); a smaller portion is part of the NTS and ?
managed by the U.S. Department of Energy (DOE). The tremaining portion is = i
managed by the Burceau of Land Managément (BLM). Sk ]’

This chapter outlines the general process by which Yucca Mountain was
identified as a potentially acceptable site. Section 2.1 descrives the
regional settiung of the site to place in context the general types of alter-
natives from which Yucca Mountalin was selected. The screenlng process by’ -
which Yucca Mountain was identified is described in Section 2.2. This
discussion is followed by Section 2.3, which evaluateg the Yucca Mountain
site against the disqualifying conditions 1in the DOE siting guidelines
(10 CFR Part 960, 1984). Both the Nuclear Waste Policy Act (NWPA, 1983) and
the. DOE siting guidelines..(10..CFR 960,32, 1984) require. such.an.evaluation .
as a step 1n the nomination process that must be applied to al potentially
acceptable sites.
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2.1 REGIONAL SETTING OF YUCCA MOUNTAIN

The Yucca Mounti~in site 1s located within a broad dasert regien known as
the Great Basin, The Great Basin is characterized by gererally linear moun-
tain ranges and intervening valleys. Few streams or riviers flow out of the
reglon. Primarily b:cause of the scarcity of easily ac:essible water, few
people live in this vast desert, The few communities +hat do exist are
generally located around mining districts, water source. . or tourist attrac-
tions. Agricultural production 1s very limited because +f the severe aridity
and low nutrient value of the rocky desert soills. Ir'iyation is practiced
only in a few areas where the ground water 1s shallow «niugh to be tapped by
wells and where solls are suitable for tillage. As a rcsult of the sparse
population, paved roads are widely spaced, commonly more than 80 kilometers
(50 miles) apart.,

The basins and intervening mountain ranges of the reglon strongly influ-
ence the climate, vegetation, and surface drainage of local areas. Most
precipitation falls on the cooler mountainous terrain, whereas the basins are
relatively warmer and dryer. As a result, the higher ranges generally '
support coniferous forests, while the basins and lower mountain ranges, such
as Yucca Mountain (Figure 2~2), are covered with sparse desert vegetation.
Because of the large number of basins and ranges of various elevations, the
region contains several ecological communities, '

The mountain ranges are formed by fault blocks that rise above the
intervening basins. On the basis of exposed rocks in the mountain ranges and
basins, the rocks can be divided into four major groups. The oldest are a
billion or more years old and are made up of hard crystalline material, such
as gneiss and granite., These rocks, where present, are part of the
crystalline shield of the North American continent, Stratigraphically above
the shleld rocks 1is the second major group of rocks, a thick sedimentary
sequence composed mainly of carbonates, quartzite, shale, and argillite.
These rocks were deposited between about 800 and 250 million years ago in a
large trough-like basin, called the Cordilleran Geosyncline, that existed
along the western edge of the continent. From about 250 to 100 million years
ago, these sedimentary rocks were strongly squeezed, folded, and faulted in a
process that created the early mountains. During this time, granitic masses
were Intruded deep within the buried roots of local parts of these ancient
mountains. Small outcrops of granite in the northern part of the Nevada Test
Site attest to this episode of granite formation,

From about 1G0 to 40 million years ago, the mountain building waned and-
the ancient ranges were eroded to a gentle rolling plain., Beginning about
40 million years ago, a third major group of rocks was formed on this plain
when volcanic activity spread thick deposits of tuffaceous volcanic material
over portions of the area. This volcanism lasted from about 40 to 10 million
years ago. Yucca Mountain was formed during the.last 10 to 15 million years
of this 30-millioun-year period. .. . , S ‘

Faulting that produced the current basins and ranges took place at the
same general time as the volcanism. 1In the last 10 million years, volcanic
activity has shifted toward the margins of the Great Basin (Christiansen and
McKee, 1978), and the basins have been partly filled with alluvium derived
from the erosion of the surrounding ranges, forming the fourth type of rock
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Figure 2-2. View of Yucca Mountain looking northeast. Modified from USGS (1968).
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in the area. Minor wvolcanism continued during basin filling, most recently
producing thin, loca’ly restricted sheets and cones of basaltic material in
Crater Flat, just we:f of Yucca Mountaln,

Deposition, foluing, faulting, intrusion of granite mnasses, and eruption
of volcanic material over time produced a complicated ge>logic pattern in the
rocks of this area. This complexity is evident in the :bree regional cross
sections shown in Figure 2=3.

The hydroleglc systems of the southern Great Basin ~re characterized by
deep water tables and closed ground-water basins; grou:d-water basins do not
necessarily correspond with topographic basins, At wcne places in the
southern Great casin, including parts of Yucca Mountain, ground water is more
than 500 meters (1,640 feet) deep., The deep water table provides a unique
opportunity for placing a repository in the unsaturated zone where there is
limited water available. Recharge occurs predominantly by the slow
percolation of surface water through the unsaturated zone that overlies the
water table. Most of this recharge is restticted to higher elevations where
precipitation 1is greatest.

Generally, ground water in the southeérn Great Basin flows through major
aquifers, which are deep beneath the surfage of the ranges and most valleys.
Winograd and Thordarson (1975) recognized six major aquifers in southern
Nevada that transmit water and four major aquitards that retard the flow of
water and act as barriers to ground-water movement. 'The lower and upper
carbonate aquifers of the sedimentary sequences (Figure 2-4) and the welded-
tuff and lava-flow aquifers of the volcanic sequence transmit water primarily
through fractures, Because the fractures are related to bhoth the brittleness
of the rock and the location of major structural features, local and reglonal
flow is determined largely by the complex atratigraphic and structural con-
ditions outlined above, Bedded-tuff units within the welded-tuff aquifers

and valley-fill aquifers, in contrast, store and transmit water chiefly
through intersticial pores,

The Yucca Mountain site is part of the Death Valley ground-water system,
which is composed of several more or less distinct basins. The site is in
the Alkali Flat-Furnace Creek Ranch ground-water basin at a position midway
between the Ash Meadows and Oasis Valley basine, as shown in Figure 2-5
(Waddell, 1982). . The Alkali .Flat-Furnace Creek Ranch basin discharges at
seeps in Alkali FIat and possibly at springs in Death Valley. Some of the
spring discharge areas in the Death Valley National Monument are near tourist
facilities, although exact sources of discharge are unknown., Regional flow
east of the gite 1s through the Ash Meadows basin and occurs principally in
the lower carbonate aquifer (Figure 2-6). This basin partially discharges at
the 30 or so springs in Ash Meadows where the lower clastic aquitard
. apparently is raised along a fault and blocks the flow through the aquifer,
forcing water to rise to the surface. Some of the water may seep through the
aquitard, eventually discharging at Death Valley. West of the site, local
flow from recharge at Timber Mountain and Pahuce Mesa occurs through the tuff
aquifer and discharges at springs in Oasis Valley, Just north of Beatty.
This small flow system forms the Oasis Valley basin. ‘

In summary, the southern Great Basin is generally characterized by
sparse vegetation, low precipitation, few population centers, varied geologic
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conditions, and a hylrologic system that includes closed ground-water basins
and a thick unsaturatet zone. This section provides only the most general
perspective on the ovezall setting from which Yucca Mountaln was chosen from
among other alternativas as discussed in Section 2.2. Detailed descriptions

of the geology and hydrology of Yucca Mountain and the suzvounding region are
provided in chapters 3 and 6.

2.2 TIDENTIFICATION OF YUCCA MOUNTAIN AS A POTENTIALLY ACCEPTABLE SITE

This section briefly summarizes the five~step prow2us by whieh Yucca
Mountain and the host vock were selected for detailed stucy. The five steps
discussed in the {ollowing subsections are (1) selection of the Nevada Test
Site (NTS) (Section 2.2.1), (2) restriction of exploration to an area in and
around the southwest NTS (Section 2.2.2), (3) selection of Yucca Mountain as
the primary location for exploration (Section 2.2.3), (4) confirmation of
site selection by a formal system study (Section 2.2.4), and (5) selection of
the host rock for further study (Section 2.2.5).

All steps in the screening process were completed before the Nuclear
Waste Policy Act of 1982 (NWPA, 1983) was signed into law in January 1983 and
before the U.S. Department of Energy (DOE) general siting guidelines (10 CFR
Part 960) were issued in December 1984. The systematic screening studies of
steps 4 and 5 used objectives very similar to those specified in the
guidelines. The identification of Yucca Mountain as a potentially acceptable
slte was consistent with the siting criteria formulated for the DOE National
Waste Terminal Storage Program (DOE 198la) and is consistent with 10 CFR
Part 960 (1984). ‘

2.2.1 SELECTION OF THE NEVADA TEST SITE AS AN AREA OF INVESTIGATION

The National Wastae Terminal Storage (NWTS) Program was established in-
1976. During the early NWTS investigations, salt was the prime host rock of
Interest for a repository. Additional geologic host materials, including
crystalline (granite, gneiss) and argillaceous rock (shale), were also
considered. The initlal approach to site screening was based on particular
rock types and came to be known as the host-rock approach (DOE, 1982a). In
1977 the program was expanded to consider prior land use as an altermnative
basis for initial screening. The prior-land-use approach considered the
advantages of locating a repository on land already withdrawn and committed
to long-term institutional control. Because the Nevada Test Site (NTS) was
already dedicated to nuclear operations, it was a logical area for investi-
gation for potential repository sites, and formal consideration of the NTS
for a repository location began at that time. The prior land use .at the NTS
establishes a firm reason for concluding that the government will continue to
provide strict institutional control over future access to the site.

At the same time the NTS was being considered by the U.S. Department of
Energy (DOE) on the basis of prior land use, the U.S. Geological. Survey
(USGS) proposed that the NTS be considered for a number of geotechnical
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reasons. These geotechnical and other considerations identified later can be
summarized as follows:

¢ Southern Bevada 1s characterized by closed hydrologic basins. This
means that ground water does not discharge inte rivers that flow. tp
major bodies of surface water. 1Tt also means that water discharge
points can be clearly identified,

e The water table 1s at great depth (as much a- 500 meters (1,640
feet) below the surface)., This provides the orportunity to build a
repository in the unsaturated zone where tl2 rock containing a
repository would not generally release waters to drillholes or
tunnels. This lack of water would minimime t..e corrosion of the
waste canister, the dissolution of the waste, and the transport of
radionuclides from the repository.

e Long flow paths are present between potentlal repository locations
and ground-water discharge points. Radionuclides would have to
travel great distances before they could affect man and his surface
environment.

® Some of the geoleglc materials occurring on the NTS are highly sorp-
tive, ' Radionuclides could be chemically or physically adsorbed by
rock, making it extremely difficult for them to move in solution.

e The NTS is located in an arid region, with an annual rainfall of
less than about 150 millimeters (6 inches). With the very low
precipitation, the amount of moving ground water is also low,
especially in the unsaturated zone.

By May 1977 the NWTS Program had undertaken evaluations of both the land
use and the geologlc attributes of the NTS. The Nevada Nuclear Waste Storage
Investigations Project was organized to consider the general suitability of
the NTS for a repository and to identify locations, if any, on the NTS or
adjacent areas that. might be suitable for a repository., -

20.2.2 RESTRICTION OF EXPLORATION TO THE SNUTHWESTERN PART OF THE NEVADA TEST
SITE AND ADJACENT AREAS

The primary function of the Nevada Test Site (NTS) 1s to provide :a test-
ing ground for nuclear weapons, Figure 2~7 shows past, current, and proposed
general areas dedicated to weapons testing. When the National Waste Terminal
Storage Program expanded its repository exploration activities to include the
NIS, a question arose concerning the compatibility of a repository with
auclear-weapons testing. A task group was established to evaluate the con-
ditions under which the weapons testing program could fully function in the
presence of a nearby repository., In August 1978 the Acting Assistant
Secretary for Defense Programs of the Department of Energy formalized the
task group's finding that locating a repository in certain areas of the NTS
might hamper weapons testing. However, it was suggested that the south-
western portion of the NTIS and adjacent offsite locations were acceptable for
further investigation as potential waste repository sites.
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In 1977 the geclogic medium of prime interest at the NTS was argillite.
Argillite is present in the Eleana Foxmation, which underlies Syncline Ridge,
a topographic featvre along the west side of Yucca Flat (Figure 2-7).
Geologic investigations there, including exploratory drilling, revealed a
complex geologic structure in the center of the area being considered (Hoover
and Morrison, 1980; Ponce and Hanna, 1982)., 1t was concluded in April 1978
that the geologic complexity of Syncline Ridge would m:ke characterization
difficult, possibly so difficult that it could not b:- understood to the
degree necessary to license a repository (Stephens, 197/). At about the same
time, the decision by the Assistant Secretary for Detarse Programs included
Syncline Ridge in the areas judged unacceptable for re,caitory siting because
of nearness to weapor's testing., At this juncture, the ,rogram refocused on
the area in and around the southwestern corner of the NiS. The portion of
the redefined exploratory area that occurred on the NTS was subsequently
named the Nevada Research and Development Area (NRDA) (Figure 2-7) (Stephens,
1978). The area evaluated included some Bureau of Land Management land west

and south of the NRDA and a portion of the Nellis Air Force Range west of the
NRDA. "

2.2.3 SELECTION OF YUCCA MOUNTAIN AS THE PRIMARY LOCATION FOR EXPLORATION :

In August 1978 a preliminary list of potential sites in and near the
southwestern part of the Nevada Test Site (NTS):.was compiled, Calico Hills,
Yucca Mountain, and Wahmonie were considered the most attractive locations in
and around the southwest NT$ (Figure 2-7) for conducting preliminary borings
and geophysical testing, : G g

The Calico Hills location was of particular interest because an aero-.
magnetic survey showed that granite might occur approximately 500 meters
(1,640 feet) below the surface, The first exploratory hole by the Nevada:
Nuclear Waste Storage Investigations (NNWSI) Project in the southwest NTS was
started in 1978 to explore for granite beneath the Calico Hills. At a depth
of 772 meters (2,530 feet), drilling was discontinued without reaching x
granite (Maldonado et al., 1979). A high content of magnetite, discovered in
a thick section of Eleana Argillite, was probably responsible for the aero=
magnetic anomaly. Reevaluatlon of the geophysical data indicated that the.
Calico Hills aeromagnetic anomaly can be entirely attributed to the presence
of the magnetite-rich argillite. The existence of an intrusive body in the
rocks under Calico Hills could not be confirmed or denied (Snyder and. Oliver,
1981). Since granite was not encountered in 772 meters (2,530 feet) of
drilling and no unexplained geophysical anomalies remained to indicate. Ats
existence, further consideration of the Calico Hills location was suspende&
in the spring of 1979.

Concurrent with drilling at Calico Hills, geophysical and geologic ‘
studies were focused on a granitic ‘rock mass at Wahmonie:  These &tiidies
Indicated that the granitic rock was highly fractured and hydrothermally
altered. Additionally, faults with displacements in the alluvium trend into
the area from the southwest and a spring deposit assoclated with the
mineralized Hornsilver Fault is present at Wahmonie. 1In the spring of 1979,
the U.S. Geological Survey (Twenhofel, 1979) recommended cessation of
exploration of Wahmonie, based on the structural complexity and hydrothermal
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alteration, indicafing that the potential for an acceptable repository host
rock at depth was low,

In the summer und fall of 1978, the first exploratory hole was drilled
at Yucca Mountain. This hole was drilled to a depth «i about 762 meters
(2,500 feet) and coiifirmed the presence of thick tuff b:ds containing highly
sorptive material (“pengler et al., 1979). Preliminary surface mapping indi-
cated the existence of generally undisturbed structura! areas possibly large
enough for a repository (Christiansen and Lipman, 196>, Lipman and McKay,
1965). Because tuff previously had not been consider.d as a potential host
rock for a repositorv, a presentation was made to the *ational Academy of
Sciences Committee f.r Radloactive Waste Management in 3eptember 1978 to
solicit its vies on the potential advantages and disadvantages of tuff as a
repository host rock. The concept of investigating tuff as a potential host
rock was supported (Gloyna, 1979).

After comparing the results of preliminary exploraticn at Calico Hills,
Wahmonie, and Yucca Mountain, the U.8. Geclogical Survey recommended
(Twenhofel, 1979) that attention be focused on Yucca Muuntain and the U.S.
Department of Energy (DOE) concurred in that recommendation in April 1979,
Immediately thereafter, in April, May, and July 1979, technical peer-review
meetings on (1) host-rock investigations, (2) geologic and hydrologic
investigations, and (3) tectonic, seismic, and volcanlc investigations were
held by the NNWSI Project.

These review meetings were attended by nationally known experts as well
as prominent experts from Nevada. Before each meeting, the reviewers were
provided with background information on specific NNWSI Project activities and
overall goals. At the meetings, NNWSI Project participants made detailed
presentations and answered questlons posed by the reviewers. After each
meeting, the review panel summarized its overall assessments and recommenda-
tions, The general consensus of the reviewers supported the DOE decision to
concentrate its Nevada exploration efforts on the tuffs of Yucca Mountain
(DOE/NVO, 1980).

2.2.4 CONFIRMATION OF SITE SELECTION BY A FORMAL SYSTEM STUDY

The foregoing process of selecting Yucca Mountain for early exploration
was informal. A more thorough, formal analysis was begun in 1980 to evaluate
whether Yucca Mountain was indeed appropriate for further exploration. This
analysis was conducted 1n a manner compatible with the area-to-location phase
of site screening described'in the National Siting Plan .(DOE, 1982a), which
was used by the U.S. Department of Energy (DOE) before the Nuclear:Waste
Policy Act of 1982 (NWPA, 1983) and ensuing siting guidelines (10 CFR .Part
960, 1984) were adopted.

The Nevada Nuclear Waste Storage Investigations Project screening activ-
ity is documented in five publications, each providing details about a sepa-
rate element of the activity., The first (Sinnock et al., 1981) summarizes a
method for screening the Nevada Test Site (NTS) and contiguous areas for
repository locations, documenting the proposed method before its application.
The second (Sinnock and: Fernandez,.1982) presents a summary description of:
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the parameters used 1n the screening calculations and provides & detailed
discussion of the screening results, The last three provide detailed back-~
ground material abou! the performance objectives (Sinncik and Fernandez,

1984), physical attributes and assoclated quantitative criteria (Sinnock et

al., 1984), and comp. ter programs (Sharp, 1984) for ra'ing alternative
locations,.

Many assumptions were quantified during the screer . ng study, and the
validity of the results and conclusions clearly depend.. and continues to
denend on the reasonableness of these asgumptions., Th: information in the
referenced screenlng reports allows each assumption or :et of assumptions to
be traced to its effects on the results and conclusions. The remainder of

this section contains an overview of the data and analyses contained in these
reports,

The formal screening analysis (Sinnock and Fernandez, 1982) was applied
to an area on and near the southwestern portion of the NT8 (Figure 2-8), The
analysis consisted of four basic elements,

1. Welghted performance objectives that identified ideal, or at least
desired, site conditions.

2. Physical attributes of the screening area that distinguished the
physical conditions of alternative locations and host rocks.

3. Favorability estimates that rated, on a relative scale of zero to
ten, how well the physical conditions represented by each attribute
gsatisfied each of the relevant objectives for assessing site.
performance (performance objectives).

4. Calculations of summary rating scores for alternative locations and
host rocks based on how well the combined favorabilities of the
attributes satisfied the performance objectives.

The performance objectives were organized into a three-level hierarchi-
cal tree (Table 2-1), which allowed site-specific objectives of the lowest
level of the tree to be clearly tied to the btroad goals of waste management
(DOE, 1980) represented by the uppermost level of the tree (Sinnock and
Fernandez, 1984). FEach objective was correlated with existing criteria of
the DOE and the Nuclear Regulatory Commission to ensure that no relevant sit-
ing factors were overlooked. Table 2~2 shows this correlation and also shows
the correlation with the DOE siting guidelines (10 CFR Part 960, 1984), which
did not exist at the time of screening., A weilght, or percentage describing
relative importance, was assigned to each objective at each lewel of the tree
to account for priorities within each level (see figures 2-9a and 2-9b). The

weights were obtained from a poll of technical experts (Sinnock and
Fernandez, 1984).

The physical attributes that form the second basic element of the formal
screening analysis are shown in Table 2-3, Each of the 31 attributes repre-
sents a physical coudition that both (1) varies throughout the screening area
and (2) might influence repository behavior (Sinnock et al., 1984). As
Table 2-3 indicates, the attributes fali into two general categories, geo-
graphical (attributes 1 through 23) and host rock (attributes 24 through 31).
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Table 2-1. Three-tiered hierarchical arrangement on.ovumnnhtmmwcuma in site mnnmmawsm vw nrm

Nevada Nuclear Waste Storage Investigations wﬂoumnn

1.0 Identify locations that permit adequate radionuclide containment in u amwwmms epository
1.1 Screer for natural systems with maximum potential to resist. camnmlvmnxmmm.nﬁmncvnhou vnonmwwmm
1.1.1 Minimize potential for chemically induced release S
1.1.2 Minimize potential for mecharically iaduced release- A
'.2 Serzer for patural systems with minimum potential for waste—package a»mncﬁn#on wnonmmmom
1.2.' Minimize the potential for seismic hazards’ to containment in a sealed’ n@cOmmncn%,
1.2.2 Minimize the potential for erosional disruption of waste packages B
1.2.3 Minimize the potential for volcanic disruption of waste packages : g
1.2.4
1.2.5

anwsnnmnvaOnmnanHmoawnmm<mnnmnnwcamuwdnnnmwonwmnowmomwma nmvamnncn%
Minimize the potential for events that might disrupt containment :

2.0 Identify locations that permit adequate isolation of radioactive waste from the biosphere
2.1 Screen for natural systems that will retard migration of radionuclides
2.1.1 Maximize ground-water flow time to the accessible environment
2.1.2 Maximize retardation of radionuclides along flow paths
2.1,3 Maximize extent of relatively homogeneous host rock %
2.1.4 Maximize migration times of volatile radionuclides :
2.2 Screea for natural systems with minimum potential for adverse changes to mNHMn»nm radionuclide
migration and retardation processes : o
Minimize the potential for adverse impacts due to tectoaic nvm:mmm . T
Minimize the potential for adverse impacts due to climatic changes .
Minimize the potential for adverse impacts due to geomorphic changes
#inimize the potentiai for adverse impacts due to human activities
Minimize the potential for miscellaneous events that might disrupt isolation

2.
2.
.2.
o2.
2.

NINNNN
U‘lbWN'—-

3.0 1Identify lecations where safe repository construction, operation, and decommissioning ﬂmapdm cost—.
effectively implemented :
3.1 Screen for locations compatible with surface facility comnstructicn and safe ovmﬂmnnom
3.1.1 Minimize seismic hazards to surface facilities

3.1.2 Minimize cost of surface monitoring system

3.1.3 Minimize adverse foundation conditions

3.1.4 Minimize wind loading on surface structures

3.1.5 Minimfze flooding hazards to surface facilities

3.1.6 Ensure availability of resources to coanstruct and operate the repository et




Table 2-1. Three-tiered hierarchical arrangement of oquOnH<mm used in site monmmﬂ»:ﬁ by the:
Nevada Nuclear Waste Storage Investigations muoumnn (continued) SOt e

3.2 Screen for locations suitable for subsurface facility coanstruction and safe owmﬁunwan

3.2.1 Minimize
3.2.2 Minimize
3.2.3 Minimize
3.2-4 Optimize
3e203 Uptizmize

3.2.6 Maximize

seismic hazards to subsurface facilities TR
flooding hazards to subsurface mmnﬁwhn»mm . .
adverse mining conditiomns ;

the geometry {thickness and lateral mxnmnnv of nrm womn rock
host—rock homogeneity

compatibility of the host rock with standardized waste package

w.wmonmmamOﬂHonmnhoumtwnrnrmnmonmnwmnnnmnoacmn»wwmﬂwn:mmmmHmawomnnmcmltmmnm nﬂmzmvonnmnhon
tc a repository ;

3.3.1 Minimize adverse terrain along potential waste-—transportation routes
3.3.2 Optimize distance from existing transportation corridors

4.0 Identify locations for which eavironmental impacts can be mitigated to the extent reasonably
achievable

area

4,1 Hinimize or aveid adverse iwmpacts on or from sensitive biotic systems ;
4.2 Minimize impacts on ablotic systems I

4.2.1 Minimize impacts on surface geology
§,2.2 Minimize impacts on water quality and m<m»~mv~wwn%
4.2.3 Minimize impacts on air quality
4.3 Minimize adverse impacts on the existing:socioeconomic status of individuals in the affected

Ji*&b

.3.
«3.
-3,

ri-—c

Minimize adverse impacts on local economies
¥inimize adverse impacts on life styles
Minimize comfiicts with private laad use

4.4 Reduce impacts on institutional issues
4,4.1 Cooperate with State aud local officials
4.,4.2 Carefully implement Federal regulatiocns
4.5 Minimize adverse lmpacts on significant historical and prehistoric cultural resources

3gource: Sinnock and Fernandez (1982).
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Table 2-2.

Project compar

a

(NRC) criteria~: - ...

Objectives used for site screening by the Nevada Nuclear Waste Storage Investigations (NNWSI)
ed to relevant U.S. Department of Energy (DOE) and Nuclear Regulatory Commission

NNWSI mnnmmowsm

hnwavmnwvwm nwnwozww.wnmmmm»m

Current

objectives at time of screening national criteria
NWTS. 33(¢1) NWTS 33(2) 10 CFR Part 60 (July 1981 10 CFR Part 960
Meaihor med £33 - (BOE, 1982b): - (DOE, 198la) . NRC proposed rule) {1984)
1.0 CONTAINMENT 3.1.2, 3.2(par. 1), 60.111(b)(2)(1), 960.4-1(a)
3.2,2(1), 3.3{par. 1), 60.111(b)(2)(ii)(A),
4,2 3.4(par. 1) 60.111(b)(3)(1)
i.1 Processes 3.4€2)
1.1.1 Chemical 3.3(1), 3.4(2), 60.123(b)(5), 960.4-2-2(a),
release 3.2(1), 3.2(4) 60.123(b)(13-14) 960.4-2-2(b)(4),
960.4-2-2(c)(1,3)

1.1.2 Mechanical 3.4(2) 60.123(b)(15), 960.4-2-3(a),

release 60.132(k)(1) 960.4-2-3(b)(1,2)

1.2 Events 3.5(par. 1), 60.123(a){7),

3.5¢1) 60.123¢(b)(6,7,10)

1.2.1 Seismic 3.5(2), 3.5(5) 60.112(a), 60.123¢a)(5), 960.4-2-7(a),

60.123(b)(9) 960.4-2~-7(c)(1-4)

1.2.2 Erosion 3.5¢4) 60.112(b), 60.122{i);" ©-.960.4+-2=5(a), -~

60.123¢b){4) - oo 960.4-2-5(b)(1,3),
960.4-2-5(c) (1),
: 960.4-2-5(d)

1.2.3 Voleanic 3.5(3) 60.112(a), 60.123(b)(11) 960.4-2=7(a),
960.4-2-7(b)(1),
960.4-2~7(c){(1)

1.2.4 Human intru- 3.2.2(3), 3.6{par. 1), 60.123(b)(1-3) -960.4-2-8(a),

sion 3.3.2(4) 3.6(2) 960.4-2-8(b)(1,2),
966.4-2-8(c)(1-4),
960.4-2-8(d)(1,2)

1.2.5 Miscellaneous 2.3 60.122(3) 960.4~-2-6(a),

960.4-2-6(b) (1)
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Table 2-2.

(NRC) nﬁwnmnww‘ Anonnwuummv

Objectives used for site screening by the Nevada zcnwwmﬂ Waste, Storage Investigations (NNWSI)
Project noavmnma to relevant U.S. Department om mnmnm% Auomv and Nuclear Regulatory Commission

NNWSI screening
objectives

noﬁmmnwvwm;rWnHonmw criteria at time of screening

Current
national criteria

10 .CFR _Part 960

NWTS 33{1) NWTS 33(2) 10 CFR Part 60 (July 1981 . )
Neoher and title (DOE, 1982b) (DOE, 198la) NRC proposed rule) .. (1984)
2.0 ISOLATION 2.1, 3.1.2, 3.4(par. 1), 60.111(p)(1), 96C.4-1(a)
3.2.2(2), 3.1(par. 1) 60.111(b){(3)(i1)
4,2 3.2(par. 1),
3.3(par. 1)
2.1 Nuclide migra-
tion ; ;
2.1.1 Ground-water 3.2(1), 3.2(2) 60.112(c), 60.122{c), 960.4-2-1(a), .
flow time 60.122(£){(1~-4) 960.4-2-1(b)(1;2),
, 960 .4-2-1(b)(4,5),
960.4-2-1(c) (1),
960.4-2-2(d)
2.1.2 Nuclide retar- 3.3(1) 60.122(d), 60.122(g)(1-3}, 960.4-2-2(a),
dation 60.122(h), - 960.4-2-2(b)(1,3),
60. mNuAvVA~w|~wu 960.4-2-2(b)(5),
‘‘‘‘‘ s QR0 4=2=2(e)(2)
?2.1.3 Host-rock 960, 4-2-3(b) (1)
homogeneity
2.1.4 Vslatile
migration
2.2 Changes to ex— 3.5(par. 1), 60.123(a)(7),
isting systems 3.5(1), 60.123(b)(7,12)
2.2.1 Tectonic 3.5(2-5) 60.112(a), 60.122(a,b), 960.4-2-7(a),
60.123(2)(5), 960.4-2-7(b)(1),
60.123(b)(6,8,10,11) 960.4-2-7(c)(1-5),

960.4-2-7(d)
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Table 2-2.

Objectives used for site screening by the Nevada Nuclear Waste Storage Investigations (NNWSI)

Project compared to relevant U.S. Department of Energy ncomv and. Nuclear wmmcwmnOHw Commission

(NRC) criteria

a {continued)

obijectives’

Number and title

Comparable national criteria at time of screening

Current
national criteria

NWTS 33(1) NWTS 33(2)

(DOE, 1982b) (DOE, 198la) NRC proposed rule)

10 CFR Part 60 (July 1981

10 CFR Part 960
(1984)

e T——— o

2.2.2 Climatic

2.2.3 Geomorphic

2.2.4 Human activi-
ties

2.2.5 Miscelilaneou.

3.0 CONSTRUCTION

3.2(1) 60.112(b), 60.123(a)(8)

60.112(b), 60.122(e,i),
60.123(b)(4)

3.1(1), 3.5(4)

3.6(par. 1),
3.6(2)

3.3.2(4) 60.123(a)(3),
60.123(b)(1-3),

60.133(a)

3.4(1) _ao.wwmﬁwv

60.3111(a)(1,2),
60.130(b) (1),

60.131(e)

60.130(b)(2) (L), .

960.4-2-1(b)(2),
960.4-2-4(a),
960.4-2-4(b)(1,2),
960.4-2-4(c)(1,2)
960.4-2-5(a),
960.4-2-5(b)(2,3),
960,4-2-7{c)(5)
960.4-2-1(c)(2),
960.4-2-8-1(a),
960.4-2-8-1(b)(1),
960.4-2-8-1(b){(2),
960.4-2-8-1(c)(1),
960.4~2-8-1(c)2),
960.4-2-8-1(c)(3),
960 . 4—-2=8=1(c) (&Y,
960.4-2-8-1(c)(5),
960.4~2-8-1(4d),
960.4-2-8-2(a)
960.4~-2-1(b)(3),
960.4~-2-1(c)(3,5),
960.4-2-3(c)(1)
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Table 2-2.

Objectives used for site screening by the Nevada Nuclear Waste Storage Investigations (NNWSI)

Project nosvmnma to relevant U.S. Department of mﬂmﬂmw Aucmw and Nuclear Regulatory Commission
(NRC) criteria” (continued)

NNWSI mnﬂmmaunm
objectives

Nurber and title

Comparable national criteria at time of screening

Current
national criteria

NWTS 33(1) NWTS. 33(2)- 10 CFR Part 60 (July: 1981
(DOE, 1982b) (DOE, 198la) NRC proposed rule)

10 CFR Part 960
(1984)

3.1 Surface
facilities

3.1.1 Seismic haz-

ards

3.1.2 Monitering aad
characteri-
zation costs

2,1.3 Foundation
coanditicns
$60.5~2-8(b}{1,2)
3.1.4 Wind loads
3.1.5 Flooding

3.1.6 Net rescurce
availiabil-
ity

3.2 Subsurface

facilities

3.2.1 3.7(par. 1) 60.123(a)(6), 60.131(a),
60.131(c)(1)
3.5(5) 60.123(a)(4),
66.123(b)(9,10)
3.3.2(3) 3.7(2) 60.130(9), 66.131(c)(2)
3.7(2)
3.7(3)
3.7(1) 60.123(a){1)
2.6 3.7(4), 3.10(2)
3.1.2, 3.4(3) 60.123(b)(16), 60.130(10),
3.3.2(2) 60.132(a)(1,4),

60.133(b)(4,5)

960.5-2-11(a),
960.5-2-11(bX{1),
960.5~-2-11(c){1),
960.5~2-11(c)(2),
360.5-2-11(c)(3),
960.5-2~11(d)

960.5-2-3(a),
960.5-2-3(b)(1),

960.5-2-3(¢)(1,2),

. 960.5-2~4(a),
960.5-2-4(b)(1),
960.5-2-4(c)(1,2),
960.5-2-4(d)

960.5-2-8(a),

960.5-2-3(c)(2)

960.5-2-3(c)(2),
960.,5-2-8(b)(2)

960.5-2-8(c){1)

0
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Hw&wm.Nrwm\_wmmenw<mm,rmmm‘m0H wwnm,wnmmmfﬁum by the Nevada Muclear ﬂanm.Wnﬁmwwm Investigations (NNWSI)
Project compared to relevant U.S. Department of Energy (DOE) and Nuclear Regulatory Commission

“(NRC) nmwnmn%mw (continued). , ... -, Py

‘zﬁﬂmwmwnﬂwmnwnw A ~ Current

7 objectives Comparable national criteria at time of screening national criteria

T NWTS 33(1) ... NWIS 33(2) 10 CFR Part 60 (July 1981 10 CFR Part 960

Chemiar o7 Tard (ooE, 1982b)  (DOE, 198l1a) NRC proposed rule) . (1984)

3.2.1 Seismic hazard 3.5(5) 60.123(a){4), 960.5-2-11(a),
60.123(b){(9,10) 960.5-2-11(b) (1),

960.5-2-11(c)(1),
960.5-2-11(c)(2),
960.5-2-11(c)(3),
960.5-2-11(d):

3.2.2 Flooding 3.2(3) 60.122(£)(3), 960.5-2-8(c),
60.132(a)(2), 960.5-2-10(a),
60.132¢(1)(1), 960.5-2-10(b)(1),

60.132{g)(1,5) 960.5-2-16(b)(2),

S 960.5-2-10(c) (1),
960.5-2-10(d)

3.2.3 Miniag condi- ; 3.4(3) 60.123(b)(15,17), 960.5-2-9(a)(2),
tions . , 60.132(2)(2), 960.5-2-9(b)(2),
: : e e ST T 60.132(&)(1,3), " 960.5-2-9(c)(2-4) ;5
S 60.132(£) S 960.5-2-9(d)
3.2.4 Host-rock 3.1(par. 1), 60.122(1), 60.132(a)(3) " 960.5-2-9(a)(1),
geometry 3.1¢2) , . o 960.5-2-9(b) (1),
v 960.5-2-9(c){1)
3.2.5 Host—rock 3.4(3) 960.5-2-9(c)(5)
homogereity v : :
3.2.6 Waste—package 3.4.1, 3.4.2 60.132(a)(1,3),
compatibil- 3.3.2(1,2) 60.132(i)(2),
ity . o : : 60.135(a){1,2) »

60.135(c)(3)

"

0

O D% 0 8
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Table 2-2. Objectives used for site screening by the Nevada Nuclear Waste Storage H=<mmnﬁmwhﬁopmwﬁzmzmwv
Project compared to relevant U.S. Department of Energy (DOE) and Nuclear wmmﬁwmhnnwﬁnviswmwwon

- (NRC) criteria® (continued)

‘NNWSI screening o
OVUmnﬁwﬁmm

Comparable nwmmmmmwumm&nmn»m at time of screening

o ,ncmwmnn
" national criteria

NWTS 33(1)
Number and title

NWTS 33(2)
(DOE, 1$82b) (DOE, 198l1a)

10 CFR Part -60 (July 1981

Tt -9 ; . 10 CFR Part 960
NRC proposed rule) - (1984)

3.3 HﬁmmvaHnmnMOI
3.3.1 Terrain 3.8(2)

960.5-2-7(b){(1)(iii),

960.5-2-7(b)(1)(iv),

3.3.2 Distance 3.7¢2)

960.5-2-7(b)(1)(ii), :

4.0 ENVIRONMENT 4.3

4.1 Sensitive biotic
systems

4.2 Abiotic systems G,

4.2.1 Geolsgic qurl- B 8. 14 3 .
ity

4,2.2 Water quality ) 3.971)

3.9(par. 1),
3.9.1, 3.9(2)

$60.5-2-7(a),

960.5-2-7(c)(1,2)
960.5-2-7(b) (1) (1),

'960.5-2-7(b) (2-4),
960.5-2-7(c){3)

60.130(b)(2)(4) wmﬁnw«rANVﬂMV‘.m

e ~96035=2=5(c)(6), -

Tt 960.5-2-5(b)(2),
960.5-2-5(c)(2),
960.5-2-5(d) (1)

-~ 960,5-2-5(b)(2),
960.5-2-5(c)(2),
960.5-2-5(d) (1),
960.5-2-10(b)(3),
966.5-2-10(d)

a
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Table 2-2.

a

Objectives used for site screening by the Nevada Nuclear Waste Storage Investigations (NNWST)

Project compared to relevant U.S. Department of Energy (DOE) and Nuclear wmmcwmnonw Commission

(NRC) criteria

(continued)

NNWSI screening
cbjectives

Comparable national criteria at time of screening

o:aumbn
nunnonmw nH»nmnum

Nutber and tir

NWTS 33(1)
(DOE, 1982b)

NWTS 33(2)
(DOE, 198la)

10 CFR Part 60 (July 1981
NRC proposed rule)

10 CFR Part 960
(1984)

4.2.3 Air quality

4.3 Socioeconomics

4.3.1 Local econo-
mies

4.3.,2 Life styles
960.5-2-5(c)(3-5),

4.,3.3 Private land
use

4.4 Institutional
issues
4.4.]1 State issues

4.4.2 Federal regu-
lation

2.2

4.1.1, 4.1.2

3.9(1)

3.8(par. 1),
3.10(par. 1)
3.10(1)

3.6(2)

3.9(2)

3.6(2), 3.9(2)

3.9(2)

mo ﬁmnnmv

60.121(b) .

960.5-2-5(b){(2),
960.5-2-5(c)(2),
960.5-2-5(d)(1)

960.5-2~6(a)

960.5-2-6(b)(1-4),
960.5-2-6(c)(1-4),
960.5~-2-6(d)

960.5-2-5(d)(2,3),
960.5-2-6(b)(1);
960.5-2-6(c) (1)

960.5-2-2(a),

960.5-2=2(b) (1),
960.5-2~2(c) (1)
960.5-2-5(a),
960.5-2-6(a)
960.5-2-5(b) (1),
960.5-2-5(c)(5),
960.5-2-7(b)(8)
960.5-2-5(b)(1),
960.5-2-5(c) (1),
960.5-2-7(a),
960.5-2-7(b)(7)

oY e )

v

b
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Table 2-2. Objectives used for site screening by the Nevada Nuclear Waste Storage Investigations (NNWSI)
Project nosvmﬂmm to relevant U.S. Umvmﬂnamﬁn of mnmnm% Cuomv and Nuclear wmmﬁ.mnon% Commission
(NRC) criteria® (continued).. P e N

NNWSI screening 4 . o .Current

“objectives Comparable national criteria at time of screening ©pational criteria
. m NWTS 33(1) NWTS 33(2) 10 CFR Part 60 {July 1981 10 CFR Part 960

Mpuhar and rir (DOE, 1982b) (DOE, 198la) NRC vﬂovommm rule) (1984) .m
4.5 Historic and .. T 3.9(L) S 960. u..msw?:ﬁ “

prehistoric A m 960.5-2-5(c){4,5),
resources o 960.5-2~5(d)(3) fa

®Modified from Sinnock and Fernandez (1982). ’

G
) i c
, g




T Akd

*(2861)

egjaadxa 3o T10d ® wWoay

paujelqo eiem (BoJe papeys ‘pe3a9noBIq) SUOTIBTASP viBpUBRIS puUR

ZOpurUIDd PL7? YOOUUTS WOAF POTITPOW

je1p a8MmOT)

£
¢

*9913 FaaT3oafqo 9yl jo 1487 yome 103 B, s £q payuea

309f0ad ISMNN @ay3 jo saafioafqo Butussads a31ys (U '1

83Y81oM

*Bg-¢ 2an8ryg

ToAdT-2 pPiw pue (weaSwyp aeddn) Teaay-aaddq

e N

% IMPORTANCE

(MEAN VALUE *106 FROM POLL OF EXPERTS)

- - n
o <« o » o

N
L

9€

2.1 RADIONUCLIDE MIGRATION

6 i

1.1 CONTAINMENT PROCESSES

2l
\

A\
il
b §

i \

3.2 SUBSURFACE FACILITIES -

2.2 ISOLATION EVENTS

1.2 CONTAINMENT EVENTS N

3.3 TRANBPORTATIOM

J3.1 SURFACE FACILITIES = \\:\

4.1 BIOTIC RESOQURCES

4.2 ABICTIC RESOURCES i+ & !

6.4 INSTITUTIONAL ISSUES

4.2 SOCCICECONOMIC IMPACTS

4.5 CULTURAL RESOURCES
b~

% IMPORTANCE

(MEAN VALUE * 10 FROM POLL OF EXPERTS)

- N @ -~
o S o o o
oLt — LI S 3 — Ll 1 1 — P W m j I
b4
° 2.0 iISOLATION |
X _w b-
£
m
E ;
- 1.0 CONTAINMENT
L §
1 -
.
3.0 OPERATIONS
} —
. L = 1 *
-
[+
% ; .p
Z 14.0 ENVIRONMENT s =
o E
g| _ A
]

MIDDLE-LEVEL OBJECTIVES

UPPER-LEVEL OWLm04_<mm



6¢-7

*(7861) zopuBuiLy

+gja9dxe jo TTod ® 1013 PauIeRIqo

pue }JOOUUTY WOIF PPTITPOW
paem (®oa® pupBYS PRILNIBI]

+9913 S2ATI09\40 ¥yl JO TIALT Yd

TSMNN @43 jO saAaT300fqo

paepueat pur s3yBreM

om Aq I

) SuOTi1BTARPD
SuTU89108-2318 [OAIT-12MO]

iues 309foad
*q6-7 @andtd

go 103 Y8y

% IMPORTANCE

(MEAN VALUE *10 FROM POLL OF EXPERTS)

-

»

3.2.1 CHEMICAL PROCESSES

2.1 WATER FLOW

oL
oz

-
o

(24

AL

132 T LAMICAL PROCESSES
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2.1.3 HOMOGENEOUS NOST ROGK (BOLATION]

2.2 1 TECTOWC EVENTS (ISCLATION)

.20 CISRUPTION (CONTAINMENT)

3.2.3 MIGSNG CONDITIONS

2.2.8 HUMAN INT HBOLATION)
2.2.7 CLIMATIC CHANGES {IBOLATION)

2.2.3 GEOMORPHIC CHANGES GSOLATION)

- bt

et s b ——————

3.22 ACE FLOODING

3.2.4 HUMAR INTRUSION (CONTAIMMENT)

3.2.2 TRANSPORTATION DISTANCE

3.2.3 VOLCANIC DISRUPTION (COMTAMMENT)

413 FPECIES

3.1.3 FOUKDATION CONDITIONS
2.1.4 VOLATALE MIQRATION

3.2.1 SUSSURFACE SEISMIC HAZARDS

_3.2.4 HOST-ROCX GEOMETRY

3.1.1 SURFACE SEISMIC MAZARDS

4.6.1 CULTURAL RESOURCES

1.2.2 EROSIONAL DISRUPTION (CONTAINMENT)

3.2.6 HOST-ROCK HOMOGENEITY (COMST.)

3..8 SURFACE FLOODNG

3.2.8 WASTE FACKAGE COMPATIBUITY

4.4.1 STATE I8SUES

3.1.6 CONSTRUCTION RESOURCES
4.4.2 FEDERAL REGULATIONS

[ 4...2 WATER QUALITY MPACTS

3.1.2 SURFACE MONITORING

4.3.2 LIFE STYLE IMPACTS

4.3.1 LOCAL ECONOMIC MPACTS
3.1.4 W.AD HAZARDS

4.2.3 AIR QUALITY IMPACTS

1.2.5 MI8C. EVENTS (CONTAMMENT)

4.2.1 BURFACE GEOLOGY IMPACTS

2.2.6 MiSC. EVENTS (1BOLATION)

4.3.3 PAVATE LAND CONFLICTS

LOWER-LEVEL OBJECTIVES



Table 2-3.,

Physi~al attributes used to discriminate among alternative

locatlons within the screening area

Attribute

No. Discriminatiny conditions
GEOGRAPHICAL ATTRIBUTES
1 Volcanic potential Relative potential f¢ - basaltic eruptions
2 Fault density Relative density of fiults and fractures
3  Fault trend Relative potential !> fault movement
4 Age of faulting Fault ages
5 Natural seismic potential Expected ground accele¢vation (g)
6 Weapons geismlc potential Expected ground acceleration (g)
7 Bed attitude Amount of rock dip (degrees)
8 Erosion potential Projected erosional intensity
9 Flood potential Flood hazards
10  Terrain ruggedness Slope steepness (%)
11 Metal resources Potential for undisccvered metal ores
12 Ground-water resources Potential for development of ground-water
supplies
13  Ground-water flux Saturated ground-water flux (m /8) -
14 Ground-water flow Upgradient distance frgm potential
; direction production areas
15 Thickness of unsaturated Depth to water table
zone .
16 Sensitive floral species Potential for the occurrence of sensitive
specles '
17 Sensitive faunal species Likely species habitats
18 Raevegatation potential Vegetation assemblages
19 Known cultural resources Types and sites of cultural resources
20 Potential cultural Potential density of undiscovered cultural
resources ~ resources
21  Air pollution potential Air quality zones
22 Permitting difficulties Land ownership and control
23 Private land use Private and nonprivate land
HOST~ROCK ATTRIBUTES
24  Thermal conductivity Thermal conductivity (W/m-K)
25 Compressive strength Unconfined compressive strength (psi)
(containment)
26 Compressive strength Unconfined compressive strength (psi)
(construction) :
27 Expansion or contraction Expansion or contraction behavior on
: heating
28  Mineral stability Mineral stability on heating
29 Stratigraphic setting Stratigraphically weighted sorption
, potential
30 Hydraulic retardation Potential for radionuclide diffusion into
the rock matrix
31 Hydraulic transmissivity (m /8)

Hydraullic transmigsivity

8pata from Sinnock hhd Fernandez (1982),
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A map of the screening area was prepared for each geographical attribute
showing the distribution of physical conditions represented by <hat
attribute. A valu~ for appropriate rock properties was assigned to each
candidate rock typ: for each host-rock attribute. The attributes used to
evaluate locations with respect to each of the lower-lavel objectives were
welghted to allow the relative importance of various "' pes of physical con-
ditions to be dist<nguished (Table 2-4).

To supply the third basic element, favorability r .timates for the vari-
nus physical conditiouns represented by each of the at ributes were compiled
as graphs (Figura 2~10). These graphs constituted {rzntitative screening
criteria by which the relevant physical attributes of “he screening area were
compared with the objectives.

The objectives, attributes, favorability graphs, weights, and a base map
of the screening area were digitized on a computer graphics system. Computer
software was developed to calculate the relative favorability for each of
1,514 half-mile square grid cells of the base map and for each of nine candi-
date rock types (Sharp, 1984). 1In these calculations, the favorability value
of each attribute for each grid cell or host rock, as appropriate, was first
multiplied by the weight of the attribute (Table 2-4 shows the weights
assigned to each attribute). The resulting numbers were then multiplied
successively by the weights of (a) the appropriate lower~level objectives
(Table 2-5), (b) the corresponding middle~level objectives (Table 2-4), and
(c) the corresponding upper-level objectives (Table 2-4)., These fully
welghted numbers were then added together for a total rating score for each
of the 1,514 grid cells and for each rock type. Finally, the total scores
weve scaled to a maximum of 100,000,

Results of the ¢alculations were dlsplayed as maps showing ratings of
all 1,314 grid celld (Figure 2-1la) based on geographical attributes
(attributes 1 through 23 as shown on Table 2-4) and as lists showing host-
rock ratings for both saturated and unsaturated conditions (Figure 2-1l1b,
bottom) (Sinnock and Fernandez, 1982). Grid cell ratings shown on the maps
were grouped into high, intermediate, and low favorability categories. These
categories generally correspond, respectively, to scores of greater than one
standard deviation above the average, within one standard deviation of the
average, and greater than one standard deviation below the average. The
histogram at the top of Figure 2-11b shows the range of scores for geographic
attributes from which the average and standard deviation were calculated.
Figure 2-12 shows the ratings obtalned by adding the score of the highest
rated rock type (scores shown on Figure 2-11b, bottom) occurring beneath the
surface at each grid cell to the scores of the grid cellsg represented on the
wap of Figure 2-lla. . Since some localities within the screening area are not
underlain by any of the nine rock types evaluated, their score for rock type
was zero and hence the total scores of these grid cells were relatively low.

Figures 2-1la, 2-1lb, and 2~12 show the results of only two of many
separate analyses that were performed. The others were based on selected
subsets of related objectives and attributes and on the confidence that could
be agsigned to the results drawn from figures 2-11 and 2-12. These analyses,
discussed by Sinnock and Fernandez (1982), were used to investigate the
factors contributing :most to the scores of alternative locations and rock
types. Based oun groupings of similarly rated grid cells for most or all the
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iQuLc

LT e flat L 48 UJ

asslgaed to attributes

allllDuUled alid

a,b

YdDjelLLLVECo OllUwlly LIC WOCAinIlLD

LEVEL

1.0 PRQVIOE CONTAINMENT

i

(3

1%)

2.0v PROVIDE 18OLATION
[54%)

tEVEL 2

DISRUPTIVE
PROCESSES
{68%]

1.1

1.2 DISRUPTIVE

EVENTS
(32%)

Lanse s

RAG1ONUCL IDE

MIGRATION
{65%]

2.1

2.2 DISRUPTIVE

EVENTS

{35%)

LEVEL 3

ATTRIBUTES

CHEMICAL

1.2 MECHANICAL

1.1.%

1

SEISMIC
1.2.2 EROSIONAL

1.2.3 vOLCANIC

1.2.1

HUMAN INTRUSION

MISCEL. ANSOUS

1.2.4
.2

-8

1

GROUND - WATER F..L

2.1

2.1.2 NUCLIJE RETARDATION

HOST-ROCK THICKNESS

2.1.3

VOLATILE MIGRATT

2.1.4

TECTONIC

2.2.1
2.2.2

CLIMATIC

GEOMORPRIC

2.2.3

HUMAN INDUCED

MISC,

2.2.4

& COMPLEXITY

2.2.5

FrpPOQ—=~IVTPILOMG

VOLCANIC POTENTIAL

o

o
.

40

FAULT DENSITY

50

FAULT TREND

10

AGE OF FAULTING

30

10

. NATURAL SEISMIC POTENTIAL

60

40

WEAPONS SEISMIC POTENTIAL

oo}

BED ATTITUDE (ROCK DIP)

30

EROSION POTENTIAL

100

80

FLOOD POTENTIAL

10

TERRAIN RUGGEDNESS

HI)

20

BASE ¢ PRECIOQUS METAL RESOURCE POTCMTIAL

50

4d

GRCUND-WATER RESOURCE POTENTIAL

50

45

GROUND-WATER FLUX

10

. GROUND-WATER FLOW DIRECTION

30

THICKNESS OF UNSATURATED ZONE

SENSITIVE FLORAL SPECIES

SENSITIVE FAUNAL SPECIES

;I

REVEGETATION POTENTIAL

19.

KNOWN CULTURAL RESOURCES

20,

POTENTIAL CULTURAL RESOURCES

21,

AIR POLLUTION POTENTIAL

22.

PERMITTING OIFFICULTIGS

23.

PRIVATE LAND USE

-0 OoTI

xXaoa

24,

THERMAL CONDUCTIVITY

20

30

25,

COMPRESSIVE BTRENGTH (UONTAINMENT)

4o

20

28.

COMPRESSIVE STRENGTH (CONBTRUCTICON)

27.

EXPANG ION~CONTRACTION

20

28.

MINERAL STABILITY

10

10

29,

STRATIGRAPHIC S8ETTING

70

30

ao.

HYORAUL IC RCTARDATION

10

10

18

31,

-Joo

49

40

HYORAUL. IC TRANSMIBSIVITY

v
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Table 2-4.

Mat=ix of attributes agd
ar.signed to attributes™’

b

objectives shcowing the weights
(continued)

LEVEL |

PROVIDE SAHE, COST EFFECTIVE
CONSTRUCTIUN €& OPERATIONS

3.0
(26%)

'

ILITIE

[27%)
T
SUBSURFALE

FACILITIES

LEVEL 2
SURFACE
FAC

[(43%;
TRANSPOR -
TATION SYS.
(3C%1]

.3

3.1
3.2
3

ATTRIBUTES

HOST-ROCK GECMETRY
HOST-ROCK HOMOG.
ACCEPT.

WASTE-PKG.
EXISTING CORRIDBOR

FLOODING
MINING CONDITIONS

LEVEL 3
SEISMICITY
MONITORING ROQMT'S
FOUNDGATION COND.
WIND LOADS
FLOGDING
SEISMICITY
TERRAIN

g
.5
o
1
.6

1

I

3.2.5
.2

3.3.1

.3.2

2.1.3
.1
3.1
3.1
.2
3.2.2
3.2.
3.2.4

rPpPO—~IDPpIaQOMQE

VOLCANIC POTENTIAL

FAULT DENSITY

FAULT TREND

AGE OF FAULTING

NATURAL SE1SMIC POTENTIAL

80

WEAPONS SEIBMIC POTENTIAL

10 ] i

BED ATTITURE (ROCK DIP)

oo wof

EROSION POTENTIAL

10

FLOON POTENTIAL

20 100 5 30

TERRAIN RUGGEDNESS

70170 70

BASE & PRECIOUS METAL RESOURCE POTENTIAL

BROUND-WATER RESOURCE POTENTIAL

. BROUND-WATER FLUX

16

Ty,

GROUND-WATER FILLOW OIRGCTION

10110

15,

THICKNESS OF UNSATURATED ZONE

18,

SENSITIVE FLORAL SPECICS

V7

BENGITIVE FAUNAL SPECIES

18,

REVEGETATION POTENTIAL

tg,

KNOWN CULTURAL RGSQURGES |

20,

POTENTIAL CULTURAL RESOURCES

21,

AIR POLLUTION POTENTIAL

22,

PEARMITTING DIFFICULTIES

23,

PRIVATE LAND USE

~noX

ROogoO=

24,

THERMAL CONDURTIVITY

129

25,

COMPRESSIVE STRENCTH (CONTAINMENT)

26.

COMPRESSIVE STRENGTH (CONSTRUCTION)

27.

EXPANS 1ON-CONTRACT 10N

40

28.

MINERAL STABILITY

Tho 40

729

STRATIGRAPHIC SETTING

30.

HYDRAULIC RETARQOATION

3,

HYDRAUL IC TRANSMISBIVITY

6g|10
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g8slgned to attributes®™’” (continued)

LEVEL |
4.0 PROVIOE ACCERTABLE
ENVIRONMENTAL IMPACTS (6%)
1R :
- . ¥ O
ol & o
al 1o JECIE
~ [&] N 7/ J2Mm o
I3 bt h.sp- =
U e -~ C) Q~F~0Q B
w f- o ‘M axfr-da fr
Ele] 55 l8Beg)ee |3
4 o Q- B@@ea=fme- 8
- o~ sl" x "2
F) P 1a T E
[72]
; g
| :
N @ @
17 > ‘» N B
bl PR [ B RN Had
U)DHZ- 0 gwm
AESHEIR HHE
§ tam # gd:
o EFHE MR W &
N B .
[41] I
A HBENHEE A E
Yl la(S(aga|o i I
o M A R i R il e R
L RGBSR AR EAEA K]
ATTRIBUTES slslalsls ool
I. VOLCANIC ROTENTIAL
2. FAULT OGNSITY
3. FAULT TREND
4. AGE OF FAYLTING 5 -
5. NATURAL SEISMIC POTENTIAL
6. WEAPONS SEISMIC POTENTIAL
7. BED ATTITUDE [ROCK DIR)
G | 8. EROSION PQTENTIAL
E | 9. FLOOD POTENTIAL 50
o
g |'0. TERRAIN RUBGEDNESS 50
R |11, BASE 6 PRECIOUS METAL RESOURCE POTENTIAL
A
p |12, GROUND-WATER RESOURCE POTENTIAL hoo
H 113, GROUND-WATER FLUX
1
¢ |'4. OROUND-WATER FLOW DIRECTION
A 15, THICKNESS OF UNSATURATED ZONE
L
16, BENSITIVE FLORAL SPEGQIES - uo
17. SENBITIVE FAUNAL SPECIES 50
18, REVEGETATION POTENTIAL 10
18, KNOWN CULTURAL RESOURCES » a0
20. POTENTIAL CULTURAL RESOURCES . 70
21, AIR POLLUTION POTENTIAL 100§
22, PERMITTING DIFFICULTIES ‘ 100
23, PRIVATE LAND USE 0o

8pata from Sinnock and Fernandez (1982).

Weights assigned to each’geographic and host-rock attribute for
evaluating site conditions with respect to each lower-level objective.
The three-level hierarchy is given in Table 2-1; percentage importance
for upper (1), middle (2), and lower (3) level objectives is given in
Figures 2-9a and 2-9b; and digcriminating conditions for geographic
and host-rock attributes are presented in Table 2-3.
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RELATIVE FAVORABILITY
OF ATTRIBUTE CONDITIONS

{not scaled foi absolute suitability)

ATTRIBUTE

(UNITS ALONG THIS AXIS CORRESPOND EXACTLY

TO MAPPING UNIT FOR GEOGRAPHICAL ATTRIBUTES
FULL RANGE OF PROPERTIES FOR HOST-ROCK ~TTRIBUTES)

RELATIVE FAVORABILITY

L

1075 1074 103 102

HYDRAULIC TRANSMISSIVITY
(m%/s)

Figure 2-10. General form (upper diagram) of graphs for plotting the
favorability estimates used to link the attributes to objectives. A spe-
cific example for attribute 31, hydraulic transmissivity, is shown on the
lower diagram. Modified from.Sinnock and Fernandez (1982).
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Table 2-5, Weiguts assigned to the 1ower—1eve1 objectives
(Lawel 3) shown in Table 2-4%

Objectlve‘e Weight m* _
l.1.1  Chemical : 68 ;
1.1.2 Mechanlcal ; B ¥ i
Seismic ‘ 37 ﬁ
Erosional 14 f
Volcanic ' 21 _
Human intrusicn , 23 :
Miscel) aneous 5 ;
Ground-water flow . 39 5
Nuclide retardation : ’ 30 %
Host-rock thickneas. o Ce e e 23 i
Migration of volatiles = . 8
Tectonics 31
Climete o T 21
Geomorphic effects _ 20
Human' etfects on: 1gsolation system ch C 25
Hiacellaneaus and complexity: ... . . ¢ SRR 3
Seismicity

Monitoring requirements
Foundation conditions

s Windidonds: Ex

k Flooding i

S Available natural resources 13 &
f 3.2.1 Selsmicity o ek 15
o 3.2.2 Flooding | : T 21
30243 Mining conditions : 27
5 3.2.4 Host-rock gdometry I 15
' 3.2.5  Host-rock hqmogeneity g 12
1.2.6 waate-package acceptdbility & 10
3.3.1  Terrain - ‘ g ' 71
3.3.,2 Tranaportation diuca&ce ““‘*”5 . 29
A T Y | Sensitive aystems @ : " 100
; 4.2,1 Surface geoxogy . % . s . i 22
i 442,2 Water quality 5 : : ; 46

4 4.2.3 Alr quality* LR i : i 32 :

L 44301 Local economiel . . . 41 ﬁ

443.2 Life styles ‘ ' 42 i

4.3.3 Private land wee .. . . . B 17 o

, R . i

#

44,1 State issues 53 W

4.4.2 Federal regulations 47 -

~hedel, . Archagelogical.and.hiatorde sltes . ..o o e snnnne 00 L o

hModified £rom Sinnock and gernandcﬁ (1982).
Only ganeral designations see Table 2-1 Eo: 8 complete statement of
objectives. ‘

“Weights for ‘sach group of ldwer-level objectives sum to 100%.
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CALICO
Y 1i HILLS

36°52 30

JACKASS
FLATS =

T SKULL MTN 7

’

36°37 30

" KILOMETERS
LEGEND FOR LOCATION RATINGS

l—_:_:] <45.000 (LOW FAVORABILITY)

45,000-60,000 (MEDIUM ‘FAVORABILITY). . -

>60,000 (HIGH FAVORABILITY)
(BASED ON ATTRIBUTES 1-23 ONLY)

Figure 2-1la. Examples of results of screening analyses based on geograph-
ical attributes. Ratings of the 1,514 grid cells that make up the base map
are grouped into three categories (see legend). Modified from Sinnock and
Fernandez (1982). o U
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RATING SCORE (X 10-Y)

HOST-ROCK RATINGE

SATURATED JUNSATURATED"
AGE ROCK TYPE RATING|RANK|RATING|RANK
ALLUVIUM 45000} -7 _ ] 43000 8
BASALT 49000 48000
NONWELDED PAINTBRUSH TUFF | 55000 42000
TOPOPAH SPRING TUFF 41000 58000
CALICO HILLS TUFF 75000 62000
CRATER FLAT TUFF 67000 60000
GRANITE 76000 63000,
ARGILLITE 82000 72000
CARBONATE 39000 55000

ol=in]aiw|jojonjel

OLDER~__
YOUNGER
D:=IN& WO O|~N

NOTE: Host-rock ratings are based solely on host-rock attributes
(nimbers 24-31 For saturated list: for unsaturated list, numbers
24-30 anly). Ratings.do.not account for site-dependent rock .
conditions such as in situ stress, in situ temperature, depth, and
local structures. Unsaturated ratings omit hydraulic transmissivity,
attribute number 31.

TLoa

Figure 2-11b. Typical histogram (upper diagram) and host-rock rating
scores (lower diagram) used to place individual grid cells into high,
medium, and low categories. The histogram distribution was used to
obtain the distribution of favorabilities that 1s shown as the legend on
Figure 2-1la. For example, the results from the histogram were added to
the host-rock rating scores to obtain the combined location ratings for
the map shown on Figure 2-12. Modified from Sinnock and Fernandez
(1982).
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36°52° 30°

36° 45

N

Q

[a0]

~

[s9]

o

wv

L st .
o 1 2 3 0 2 4 6
bl ——— e - iy——
MILES KILOMETERS |

LEGEND FOR LOCATION RATINGS
[:] <45,000 (LOW FAVORABILITY)

45,000-80,000 (MEDIUM FAVORABILITY)

- >80,000 (HIGH FAVORABILITY)
B (BASED ON ATTRIBUTES 1-31)

Figure 2-12. Screening analysis results with the value of most highly

rated host rock added to the ratings for geographical attributes from

Figure 2-1la and the scores scaled to a total score of 100,000. Modified
from Sinnock and Fernandez (1982).
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separate analyses, 15 relatively distinct locations were 1dentified (Figure
2-13). In this manner alternative locations for a repository werg estab=
lished by the analysas.

In Figure 2-14 the 15 locations are ranked according to. the number of
analyses for which ali or most of the grid cells within a3ch location rated
high, medium, or low. The objective and attribute subsels shown in Figure
2-14 are convenient representations of the most importan: lLiases for ranking
the potential sites; the figure also shows the relative —eights assigned by
th> experts to each of these subsets. To quantify the = gls for the rank-
ings, the welghts associated with each of the rating .a.egories shown on~
Figure 2-14 were summed for each location for the 12 an:lyses that considered
different combinations of objectives (Table 2~6).

As is apparent from: figures 2~1la, 2-12, and 2-14 and from Table 2-6,
northern Yucca Mountain” (location J, Figure 2~13) rankud highest, mainly
because of high ratings for objectives related to long-term isolation; Lts
ratings for near-term objectives, including the cost of zonstructing surface
facilities and the environmental impacts of construction and operation, were
lower than those of some of the other locations (Figure 2~14). Three rock
types at this location rated high enough to merit consideration as potential
repository host rocks: the saturated and unsaturated Calico Hills unit, the
unsaturated Topopah Spring Member, and the saturated Crater Flat Tuff (lower
half of Figure 2-11b),

Two other locations, northeastern Jackass Flats and Calico Hills~Upper
Topopah Wash (locations L and N, respectively, Figure 2-13), also rated:
generally high. High ratings at northeastern Jackags Flats are primarily due
to favorable environmental, terrain, and hydrologlc attributes. However;
this location is not underlatn by any of the host rocks considered. Less.
favorable tectonic attributes also detracted from its ratings. '

The third location, Calico Hills-Upper Topopah Wash, 1in contrast to -
northeastern Jackass Flats, rated low for geographical attributes and high
only when host~rock attributes were considered. Argillite and perhaps
granite occur beneath Calico Hills and Upper Topopah Wash, though the granite
may be too deep for repository use. Argillite was rated first and graunite!
second for both saturatéd’ and unsaturated conditions, and thelr presence °
strongly contributed to the high ratings at this location (compare maps from
Eigures 2-1la and 2~ 12) Hydrologtc attributes at Calico Hills-Upper Topopah
Wash also rated very high whereas tectonic, terraln, and human~disturbance
attributes generally rated low. The other 12 loca